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HAVE  YOU   RESPONDED  ? 

Membership  in  The  American  Society  of  Mechanical 
Engineers,  tJie  society  of  the  industries,  is  est^med  and  its 
vakie  appreciated  by  everyone  v^^ho  has  been  the  recipient 
of  its  many  privileges.  Nevertheless  it  is  a  fact  that  the 
value  of  such  membership  would  be  materially  enhanced 
by  the  cooperation  within  the  Society  of  many  engineers 
who  have  never  had  the  aims  and  purposes  of  the  Society 
presented  to  them. 

We  are  certain  that  if  our  members  fully  appreciated 
this  they  would  make  every  effort  to  enlist  the  interest 
of  eligible  non-members.  It  is  only  by  such  activity  on 
the  part  of  every  member  that  the  Society  can  render  its 
highest  service  to  the  country,  the  profession  and  the 
individual.  After  all,  the  benefit  which  each  member 
derives  from  the  Society  is  proportional  to  the  amount 
of  energy  which  he  contributes  to  it. 

Will  you  not  enlist  your  services  to  the  end  that  the 
aims  and  privileges  of  the  Society  may  be  brought  to  the 
attention  of  all  who  are  entitled  to  participate  in  them? 
The  Committee  is  hopeful  that  you  will  respond  promptly 
and  assist  them  in  securing  for  the  Society  the  membership 
of  the  leading  men  in  every  industry. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 
C.  W.  Aiken  J.  P.  Ilsley 

R.  S.  Allyx  E.  B.  Katte 

R.  M.  Dixon  H.  S.  Wynkoop 

W.  T.  Donnelly  I.  E.  Moultrop, 

Chmn. 
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COMING  MEETINGS  OF  THE  SOCIETY 

Aj)ril  30,  Ne7v  York  City,  Engineering  Societies  Building, 
8.15  p.m.  Conferring  of  Honorary  Membership  on 
Rudolph  Diesel,  inventor  of  the  Diesel  Engine.  Il- 
lustrated address,  under  the  auspices  of  the  Gas 
Power  Section,  on  The  Development  of  the  Diesel 
Engine. 

May  14,  Nero  York  City,  Engineering  Societies  Building, 
8.15  p.m.  Paper:  Commercial  Dictating  Machines, 
A.  J.  McFaul.  Discussion  by  representative  leading 
makers  on  the  market. 

May  16, Boston,  Mass..  Papers:  Progress  in  Development 
of  a  New  Type  of  Centrifugal  Pump  and  Blower, 
especially  for  Steam  Turbine  Drive,  C.  V.  Kerr  and 
A.  L.  Schaller;  Increase  of  Bore  of  High-Speed  Wheels 
by  Centrifugal  Stresses,  Sanford  A.  Moss. 

Alay  28-31,  Clevehmd,  Ohio.  Spring  Meeting.  The  pro- 
gram appears  on  another  page. 


Announcement:  Papers  for  the  next  Annual  Meeting  should 
be  in  hand  September  1.     See  page  13. 
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THE  SPRING  MEETING 

The  program  for  the  Spring  Meeting  at  Cleveland  is  published 
herewith,  and  although  subject  to  change  is  substantially  in  the 
form  in  which  the  professional  sessions  and  the  entertainment  of  the 
members  and  their  friends  will  be  carried  out.  It  should  be  noted 
especially  that  the  date  of  the  meeting  is  May  28-31  instead  of 
during  the  first  week  in  June  as  first  announced.  The  attractiveness 
of  Cleveland  as  a  city  and  its  location  on  the  lake,  together  with  its 
remarkable  industrial  development,  all  contribute  to  make  it  one  of 
the  most  interesting  places  for  a  meeting  of  engineers.  The  generous 
hospitality  which  its  residents  have  shown  on  many  occasions  is 
kno\vn  to  all  and  the  efforts  which  the  local  membership  are  putting 
forth  to  insure  that  the  time  of  every  visiting  member  shall  be  fully 
and  pleasantly  occupied  may  well  lead  to  great  anticipations  on  the 
part  of  those  expecting  to  attend.  The  arrangements  for  the  recep- 
tion of  the  visitors  are  in  the  hands  of  an  Executive  Committee  of 
which  Past-President  Ambrose  Swasey  is  Chairman;  Professor 
Robert  H.  Fernald,  Vice-Chairman;  F.  W.  Ballard,  Secretary  and 
R.  B.  Sheridan,  Treasurer.  It  requires  but  a  glance  at  the  program 
to  show  how  profitable  and  enjoyable  an  occasion  this  Committee 
and  the  Committee  on  Meetings  of  the  Society  have  arranged. 
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TENTATIVE  PROGRAM 

TUESDAY,  MAY  28 

Registration  at  headquarters,  Chamber  of  Commerce  Hall,  after 
10  a.m. 

Informal  reception  at  the  home  of  Mr.  and  Mrs.  Ambrose  Swasey, 
7808  Euclid  Ave.,  from  4  to  6  p.m. 

Membership  reunion  and  informal  evening,  Chamber  of  Com- 
merce Hall,  8.30  p.m. 

WEDNESDAY,  MAY  29 

Busi7iess  Meeting,  10  a.m.,  Chamber  of  Commerce  Hall 
Professional  Session,  10.30  a.m..  Chamber  of  Commerce  Hall 

A  New  Analysis  of  the  Cylinder  Performance  of  Reciprocat- 
ing Engines,  J.  Paul  Clayton 

Equipment  of  a  Modern  Flour  Mill  on  a  Gradual  Reduc- 
tion System,  John  F.  Harrison  and  W.  W.  Nichols 

Design  and  Mechanical  Features  of  the  California  Gold 
Dredge,  Robert  E.  Cranston  (To  be  read  by  title,  discussion  in- 
vited) 

Simultaneous  Session,  Gas  Power  Section,  10.30  a.7n.,  Chamber  of  Commerce  Library 

Problems  in  Natural  Gas  Engineering,  Thomas  R.  Weymouth 
Other  papers  to  be  announced. 

Entertainment 

Special  Inspection  Trip  for  ladies  to  plant  of  H.  Black  Company, 
cloak  manufacturers,  10  a.m. 
Lunch  at  Chamber  of  Commerce  Hall,  12.30  p.m. 
Inspection  of  local  manufacturing  and  power  plants,  2  p.m. 
Automobile  trip  for  ladies  through  the  parks,  2  p.m. 
Tea  at  Country  Club,  for  members  and  guests,  4  to  6  p.m. 

Lecture,  Chamber  of  Commerce  Hall,  8.30  p.m. 

Sound  Waves,  How  to  Photograph  Them  and  What  They 
Mean,  Dr.  Dayton  C.  Miller,  Case  School  of  AppUed  Science 

The  lecture  will  be  illustrated  with  apparatus  and  experiments 
and  especially  with  the  new  instrument,  the  'Thonodeik,"  for  pro- 
jecting sound  waves  directly  upon  the  screen. 

THURSDAY,  MAY  30 

Professional  Session,  Chamber  of  Commerce  Hall,  10  a.m. 
New  Processes  for  Chilling  Cast  Iron,  Thos.  D.  West 
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Strength  of  Steel  Tubes,  Pipes  and  Cylinders  under  In- 
ternal Fluid  Pressure,  Reid  T.  Stewart 

On  the  Control  of  Surges  in  Water  Conduits,  W.  F.  Durand 
Speed  Regulation  in  Hydro-Electric  Plants,  Wm.  F.  Uhl 
(To  be  read  by  title,  discussion  invited) 

Entertainment 

Excursion  on  Lake  Erie,  1  to  5  p.m. 

Reception  and  dance  at  Colonial  Club,  8.30  p.m. 

FRIDAY,  MAY  31 

Professional  Session,  10  a.m.,  Chamber  of  Commerce  Hall 

The  Present  State  of  Development  of  Large  Steam  Tur- 
bines, A.  G.  Christie 

A  Discussion  of  Certain  Thermal  Properties  of  Steam,  G.  A. 
Goodenough 

The  Reduction  in  Temperature  of  Condensing  Water  Reser- 
voirs DUE  TO  Cooling  Effect  of  Air  and  Evaporation,  W.  B. 
Ruggles 

Results  of  Tests  on  the  Discharge  Capacity  of  Saf.ety 
Valves,  E.  F.  Miller  and  A.  B.  Carhart  (To  be  read  by  title,  dis- 
cussion invited) 

Entertainment 

Lunch  at  Chamber  of  Commerce  Hall,  12  o'clock  sharp. 
Excursion  to  Akron,  leaving  Chamber  of  Commerce,  12.30  p.m. 

Inspection  of  plant  of  The  Goodrich  Rubber  Company. 

Inspection  of  plant  of  Wellman-Seaver-Morgan  Company. 

Inspection  of  plant  of  Diamond  Match  Company  at  Barberton. 
Ladies  are  invited  to  make  the  trip  to  Akron. 

RAILROAD  TRANSPORTATION  NOTICE 

Every  effort  has  been  made  to  secure  reduced  rates  on  the  certi- 
ficate plan  for  members  and  guests  in  attendance  at  the  Spring 
Meeting,  but  the  widespread  adoption  of  the  two-cent  rate  and 
similar  restrictions  have  operated  to  make  this  impossible. 

All  the  railroads  will  provide  special  cars  or  special  trains  if  the 
advance  reservations  warrant  such  service.  Members  are  therefore 
urged  to  secure  tickets  and  Pullman  reservations  a  day  or  two  in 
advance,  in  all  cases  stating  that  accommodations  are  desired  on 
The  American  Society  of  Mechanical  Engineers'  special. 
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TRAIN    SCHEDULES^ 

New  York  Central  Lines 

Lv.  New  York 5.30  p.m.  6.30  p.m.                   8.02  p.m. 

Lv.  Boston 2.00 2.00 4.50  p.m. 

Lv.  Worcester 3.12 3.12 6.00  p.m. 

Lv.  Providence 4.10  p.m. 

Lv.  Albany 8.15 9.55 11.45  p.m. 

Arr.  Cleveland 7.15  a.m.  7.30  a.m.                10.47  a.m. 

FareNew  York  to  Cleveland...  $14                          $15                          $13 

Pennsylvania 

Lv.  New  York 5.04  p.m..'.  6.32  p.m 8.30  p.m. 

Lv.  North  Philadelphia ....   7.02  p.m. .  .  8.17  p.m 

Lv.  Philadelphia 10.48  p.m. 

Lv.  Washington 6.45  p.m. 

Lv.  Baltimore 7.52  p.m. 

Lv.  Harrisbm-g 9. .39  p.m..  .10.34  p.m..  .10.17  p.m..  .    1.20  a.m. 

Arr.  Cleveland 7.30  a.m...   7.30  a.m...   7.30  a.m..  .11.30  a.m. 

Lackawanna-Nickel  Plate 

Lv.  New  York 6.30  p.m. 

Lv.  Scranton 11.28  p.m. 

■  Arr.  Cleveland 11.19  a.m. 

Fare  New  York  to  Cleveland ..  .       $12 


PULLMAN    RESERVATIONS 

Pullman  rates  on  all  roads  are:  Lower  berth,  $3;  upper  berth, 
$2.40;  drawing  room,  $11.  The  Society  cannot  undertake  to  ar- 
range transportation  matters  for  members.  Tickets  and  Pullman 
reservations  may  be  obtained  at  any  ticket  office  or  by  mail  from  the 
following:  New  York  Central  Lines:  New  York,  Mr.  W.  V.  Lifsey, 
G.  E.  P.  A.,  Broadway  and  30th  St.;  Boston,  Mr.  C.  E.  Colony, 

C.  P.  A.,  Boston  &  Albany  R.R.;  Pennsylvania:  New  York,  Mr.C. 
Studds,  D.  P.  A.,  263  Fifth  Ave.;  Philadelphia,  Mr.  R.  L.  Stall, 

D.  P.  A.,  1433  Chestnut  St.;  Baltimore,  Mr.  Hugh  Hasson,  D.  P.  A., 
Baltimore  and  Calvert  Sts.;  Washington,  Mr.  B.  M.  Newbold, 
D.  P.  A.,  15th  andG  Sts.;  Lackawanna-Nickel  Plate:  New  York, 
Mr.  A.  W.  Ecclestone,  D.  P.  A.,  Nickel  Plate  Road,  385  Broadway. 

'  Subject  to  change. 
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HOTEL  RATES  FOR  SPRING  MEETING   AT  CLEVELAND 


Without  Bath 

With  Bath 

Single 
Room 

Single 

Room, 

Two 

Persons 

Double 

Room, 

Two 

Persons 

Single 
Room 

Single 

Room, 

Two 

Persons 

Double 

Room 

Two 

Persons 

Hollenden  Hotel 

The  Colonial 

$2.00 
2.00 
1.50 

$3.00 

$3.50 

$2.50 

to 
4.00 
2.50 

to 

5.00 
2.00 

to 
5.00 

$4.00 

to 

5.00 

$5.00 

to 

7.00 

Hotel  Euclid 

GERMAN  MUSEUM  COMMISSION 

MEETING    IN    NEW    YORK,     APRIL    9, 

At  a  meeting  in  New  York  on  April  9,  the  greetings  of  the  Society- 
were  extended  to  the  members  of  the  German  Museum  Commission, 
now  on  a  visit  to  America  to  study  important  engineering  achieve- 
ments. The  Commission,  which  is  headed  by  Dr.  Oscar  von  Miller, 
member  of  the  House  of  Lords  of  Bavaria  and  President  of  the  Verein 
deutscher  Ingenieure,  includes  a  number  of  prominent  scientific  men. 
His  Excellency  Dr.  Count  von  Podewils-Durniz,  former  Secretary 
of  State  of  Bavaria;  Dr.  W.  von  Borschfc,  Lord  Mayor  of  Munich 
and  Pri\y  Councillor;  Dr.  W.  von  Dyck,  Privy  Councillor,  Rector 
Emeritus  of  the  Technical  University  of  Munich;  Herr  Ph.  Gelius, 
Architect  of  the  Museum ;  Herr  Alex.  Schirmann,  Director  of  the  Li- 
brary of  the  Museum ;  Dr.  Fuchs,  Professor  of  Physics  and  Mathemat- 
ics; Engineer  Fr.  Orth,  Mining  Engineer,  Director  of  Sections  of  the 
Museum;  Engineer  Kurt  Trautwein,  Civil  Engineer,  Director  of 
Divisions  of  the  Museum;  and  Dr.  Colin  Ross,  Secretary  of  the 
Commission. 

Dr.  Alex.  C.  Humphreys,  President  of  the  Society,  presided  and 
spoke  of  the  splendid  work  of  the  Museum  for  science.  The  speaker 
of  the  evening,  Dr.  Von  Miller,  was  then  introduced,  and  his  address 
read  by  Charles  Whiting  Baker. 

The  purpose  for  which  the  German  Museum  was  built,  he  said, 
was  to  show  by  actual  samples  and  models  the  development  of  the 
natural  and  technical  sciences,  in  an  instructive  and  attractive  form. 
In  this  way  the  layman  receives  concise  and  impressive  instruction 
in  all  important  departments  of  natural  science  and  technology, 
while  the  numerous  historical  originals  give  the  expert  an  opportunity 
for  research  in  the  domain  of  his  art. 

The  great  inventions  are  presented  in  the  Museum  by  a  series 
of  constructions,  from  the  first  crude  designs,  through  the  successive 
stages  of  development  to  the  most  recently  perfected  devices,  thus 
showing  how  each  new  construction  depends  upon  former  achieve- 
ments, and  how  these  again  become  the  point  of  departure  for 
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further  advancement  and  improvement.  Whenever  possible,  this 
is  done  by  the  original  apparatus  used  or  constructed  by  the  invent- 
or himself.  When  the  original  apparatus  could  not  be  obtained, 
reproductions  were  made  for  the  Museum;  thus  in  the  case  of  the 
"Old  Puffing  Billy,"  of  which  the  original  is  in  the  South  Kensington 
^Museum,  a  reproduction  was  made,  so  exact  in  the  smallest  details 
even  to  rust  spots,  that  the  photographs  of  the  original  and  of  the 
reproduction  cannot  be  distinguished  from  each  other. 

When  an  object  cannot  be  exhibited  in  the  original  on  account 
of  its  dimensions,  plans  and  models  are  included  in  the  Museum  col- 
lections. Thus  the  development  of  the  human  dwelling,  from  the 
prehistoric  cave  to  the  modern  skyscraper,  is  shown  by  a  long  series 
of  models,  arranged  so  that  relative  importance  is  prominently 
brought  out  by  contrasting  different  building  systems. 

The  most  valuable  and  beautiful  originals  would,  however,  often 
remain  unintelligible  to  laymen  if  they  were  not  explained  more 
fully.  The  sectional  models  are  the  first  step  in  this  system  of  tech- 
nical education.  Some  of  the  models  are  only  sectionally  cut  and  un- 
covered, in  order  to  explain  to  the  observer  the  interior  arrangement, 
while  in  others  ways  are  devised  to  show  also  the  particular  action 
on  which  the  machine  is  based.  For  example,  in  Alban's  tubular 
boiler  the  way  in  which  water  and  steam  move  and  the  gases  of 
combustion  return  are  illustrated  by  arrow  marks,  while  in  a  Krupp 
converter  the  rising  air  bubbles  are  painted  on  glass.  Some  of  the 
originals  are  supplemented  by  working  models  showing  the  mode  of 
operation  of  the  machines.  Such  working  models  are  used  not  only 
in  the  machine  section,  but  also  in  the  natural  science  departments, 
where  every  visitor  can  in  this  way  perform  some  of  the  experiments 
for  himself.  There  is,  for  example,  an  apparatus  for  demonstrating 
the  properties  of  licjuid  air.  Five  vessels  filled  with  it  can  be  moved 
up  and  down  in  a  cabinet  to  clip  substances  in  it,  experimentally,  and 
the  visitor  can  see  for  himself  how  mercury  freezes  in  liquid  air, 
rubber  loses  its  elasticity,  carbon  dioxide  gas  becomes  solid,  and  the 
electric  resistance  of  a  supply  wire  of  an  electric  lamp  falls  off.  In 
an  X-ray  cabinet  a  switch  is  moved  by  opening  the  door ;  the  cabinet 
is  darkened,  and  the  switching  in  of  the  X-ray  tubes  follows  auto- 
matically, and  a  screen  of  chloride  of  barium  is  illuminated  so  that 
an  object  selected  by  the  observer,  himself,  such  as  his  hand  or  purse, 
can  be  seen  illuminated  by  the  X-rays.  After  two  minutes  the  X-ray 
tubes  are  switched  off  and  the  cabinet  automatically  lighted  again. 
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Whenever  necessary,  descriptions,  drawings  and  concise  explana- 
tion of  processes  are  placed  at  the  beginning  of  mam^  groups  or 
above  particular  exhibits.  Statistical  tables  and  tabulated  state- 
ments are  also  included  to  show  the  influence  of  science  and  technic 
on  human  culture  and  economic  life,  the  relations  of  production 
and  consumption,  market  conditions,  etc. 

The  main  objects  of  the  Museum,  illustration  and  instruction, 
are  accomplished  in  the  best  and  most  attractive  manner  possible, 
considerable  stress  being  laid  on  the  artistic  point  of  view.  Each 
object  is,  as  far  as  possible,  presented  in  a  proper  setting,  in  a  room 
adapted  to  it.  Thus  various  old  blacksmith's  tools  have  found  a 
place  in  an  old  smith's  shop;  the  chemical  apparatus  and  vessels 
used  at  different  epochs  are  exhibited  in  a  series  of  laboratories, 
from  the  quaint  laboratory  of  the  alchemist  and  phlogistian  to  the 
familiar  types  of  today. 

The  needs  of  the  expert  as  well  as  the  layman  are  fully  cared  for 
also.  A  libraiy  connected  with  the  Museum  embraces  the  entire 
literature  of  natural  science  and  technology  of  the  present  day,  as 
well  as  numerous  historical  and  rare  works,  and  letters  of  celebrated 
men  of  science.  An  extensive  collection  of  plans  affords  to  the 
engineer  and  architect  an  opportunity  to  acquaint  himself  with  the 
way  in  which  others  solved  the  questions  which  interest  him. 

A  Hall  of  Fame  serves  to  commemorate  great  investigators  and 
technicians,  whose  names  should  be  as  familiar  to  the  public  as  those 
of  great  statesmen  and  generals. 

A  new  home  is  now  being  built  for  the  Museum  which  will  provide 
about  350,000  sq.  ft.  of  space  for  exhibition  purposes,  not  including 
the  large  library,  reading  rooms,  lecture  rooms  and  meeting  halls. 
There  will  also  be  special  facilities  for  experimental  work,  such  as  a 
tower  230  feet  high  for  geodetical  and  meteorological  observations, 
and  a  station  for  Avireless  telegraphy  and  telephony. 

Following  the  reading  of  this  paper,  Dr.  von  Miller  thanked  the 
Society  in  his  native  tongue  for  the  assistance  rendered  the  Com- 
mission and  expressed  the  hope  that  should  the  American  people 
build  a  similar  museum  thej^  would  come  over  to  Germany  and  learn 
how  not  to  repeat  some  of  their  mistakes. 

Dr.  W.  von  Dyck  then  spoke  of  the  publication  of  biographies 
and  documents  of  science  and  technic  which  the  Museum  is  jDlanning, 
and  presented  to  tlie  President  of  the  Society  the  first  volume  of  the 
series,  written  by  himself,  containing  the  biography  of  Georg  von 
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Reichenbach,  an  engineer  and  astronomer,  -who  lived  at  the  time  when 
Watt  was  engaged  in  laying  the  foundations  of  modern  engineering. 
This  was  accepted  by  Dr.  Humphreys  and  has  been  placed  in  the 
Library  of  the  Society. 

A  reception  in  the  rooms  of  the  Society  followed  the  meeting,  in 
which  all  were  given  an  opportunity  to  greet  the  Commissioners 
personally. 

VISIT    TO    PHILADELPHIA 

A  committee  of  the  Society  greeted  the  Commission  upon  their 
arrival  in  Philadelphia  on  April  11  and  assisted  them  in  their  inspec- 
tion of  various  interesting  points  during  their  two  days'  visit.  Repre- 
sentatives of  the  Committee,  which  consisted  of  A.  C.  Jackson, 
Chairman,  D.  R.  Yarnall,  Charles  Day,  Morris  L.  Cooke,  T.  C. 
McBride,  S.  L.  Kneass,  James  M.  Dodge,  W.  C.  Kerr,  S.  S.  Webster, 
Coleman  Sellers,  Jr.,  and  J.  E.  Gibson,  met  the  Commissioners  at  the 
train  and  escorted  them  to  the  office  of  the  Mayor,  who  received 
them  most  cordially.  During  the  morning  the  City  planning  exhibit 
in  the  City  Hall,  Wanamaker's  store,  and  the  Girard  Trust  Company 
were  inspected  and  luncheon  was  served  at  the  Engineers  Club.  The 
Baldwin  Locomotive  Works,  the  new  William  Penn  High  School, 
and  the  Boys'  Central  High  School  occupied  the  remainder  of  the 
day.  On  Friday,  April  12,  trips  were  made  to  the  University  of 
Pennsylvania,  where  the  new  engineering  building  and  the  university 
museum  proved  especially  interesting;  the  School  of  Industrial  Art, 
Franklin  Institute,  Memorial  Hall  in  Fairmount  Park,  and  the 
J.  G.  Johnson  Art  Gallery.  The  Mayor  entertained  the  Commission 
at  luncheon  on  Friday  in  the  Union  League  Club. 

ITINERARY 

The  itinerary  of  the  Commission  as  planned  includes  Washington, 
Pittsburgh,  Chicago,  Niagara  Falls  and  Buffalo,  Schenectady, 
Boston,  and  a  return  visit  to  New  York,  where  the}^  will  sail  for 
Europe  on  April  30.  Committees  of  the  Society  have  been  formed  at 
each  of  these  points  to  greet  the  Commission  and  to  assist  them  in 
making  the  tours  of  inspection  which  they  desire.  Gen.  William  H. 
Bixby  acted  as  chairman  of  the  reception  committee  in  Washington, 
George  M.  Brill,  Vice-President,  in  Chicago,  C.  H.  Bierbaum  in 
Buffalo,  H.  G.  Reist  in  Schenectady,  and  Prof.  I.  N.  Hollis  in  Boston. 


GENERAL  NOTES 

MEETINGS  IN  HONOR  OF  DR.  DIESEL 

Dr.  Rudolph  Diesel,  inventor  of  the  Diesel  engine  and  director  of 
the  Verein  deutscher  Ingenieure,  is  expected  to  be  in  New  York  on 
April  30,  at  which  time  Honorary  Membership  will  be  conferred 
upon  him  by  the  Society  at  a  meeting  in  the  auditorium  of  the 
Engineering  Societies  Building.  Dr.  Diesel  is  widely  known  to 
engineers  and  the  public  at  large  through  the  fame  of  his  invention, 
and  members  of  sister  societies  have  been  invited  to  participate  in 
this  meeting  in  his  honor.  Following  the  conferring  of  Honorary 
Membership,  Dr.  Diesel  will  give  an  illustrated  address,  under  the 
auspices  of  the  Gas  Power  Section  of  the  Society,  on  the  Develop- 
ment of  the  Diesel  Engine. 

On  April  13  Dr.  Diesel  made  a  brief  address  upon  the  same  sub- 
ject before  a  large  audience  in  St.  Louis,  and  during  his  stay  in  that 
city  was  tendered  a  dinner  at  the  Mercantile  Club  by  the  Associated 
Engineering  Societies.  On  April  17  he  visited  Cornell  University, 
making  a  similar  address,  and  on  April  26  spoke  at  the  United  States 
Naval  Academy  at  Annapolis  upon  the  Relation  of  the  Gas  Engine 
to  the  Propulsion  of  Vessels.  His  complete  and  more  carefully  pre- 
pared address  upon  the  Diesel  Engine  will  be  made  at  the  larger 
gathering  in  New  York. 

MEASUREMENT  OF  TAPS,  BOLTS  AND  SCREWS 

As  a  result  of  interest  awakened  in  the  subject  of  the  measurement 
of  taps,  bolts  and  screws  at  the  March  meeting  in  New  York,  it  has 
been  suggested  by  the  chairman  of  the  Committee  on  Meetings  in 
New  York  that  the  Society  should  appoint  a  committee  to  make 
recommendations  for  standard  methods  of  measurement.  It  is 
probable  that  comparatively  few  users  of  these  articles  have  definite 
knowledge  of  the  degree  of  accuracy  which  they  are  securing  when 
purchasing,  and  few  even  have  suitable  measuring  instruments  for 
screw  threads.  Much  delay  is  occasioned  in  assembling  work  through 
the  lack  of  proper  methods  and  instruments  for  measuring  the  screws 
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and  taps  that  are  to  be  used.  It  has  further  been  suggested  that  the 
scope  of  the  committee  might  be  extended  to  include  the  standard- 
ization of  hmits  for  other  machine  parts  as  well;  for  it  is  only  by 
such  standardization  in  any  manufacturing  plant  that  interchange- 
ability  can  be  attained  and  the  cost  of  assembling  brought  within  a 
reasonable  figure,  not  to  mention  the  possibilitj"  of  duplicating  work 
on  subsequent  orders. 

PATENT  CONFERENCE  AT  WASHINGTON 

Upon  invitation  of  the  Patent  Law  Association,  an  informal  con- 
ference has  been  held  in  Washington,  April  15  and  16,  to  discuss  the 
situation  resulting  from  several  bills  now  pending  in  Congress  relat- 
ing to  proposed  changes  in  the  patent  laws.  Several  of  the  national 
societies  participated  and  to  represent  The  American  Society  of 
Mechanical  Engineers  the  Council  appointed  as  Honorary  Vice- 
Presidents,  W.  H.  Blauvelt,  consulting  engineer  of  the  Semet-Solvay 
Company,  Syracuse,  N.  Y.;  B.  F.  Wood,  assistant  engineer  of  the 
motive  power  department,  Pennsylvania  Railroad  Company,  Al- 
toona.  Pa.;  and  J.  B.  F.  Herreshoff,  president  and  treasurer  of  the 
Herreshoff  Manufacturing  Company,  Bristol,  R.  I. 

In  appointing  these  representatives,  the  Society  believed  that  so 
many  of  the  membership  had  large  interests  at  stake  in  the  patent 
system  that  it  should  be  ably  represented  in  any  conference  relating 
to  the  matter  of  patent  law,  and  that  the  Society  at  large  should 
take  some  part  in  an  affair  affecting  so  important  a  feature  of  national 
development. 

TESTIMONIAL  FROM  STEVENS  ALUMNI  TO  DR.  DENTON 

Dr.  James  E.  Denton,  a  charter  member  of  the  Society  and  one 
of  its  managers  from  1889-1892,  now  emeritus  professor  of  engineer- 
ing practice  of  Stevens  Institute  of  Technology,  was  recently  hon- 
ored by  the  alumni  of  that  college.  Dr.  Denton,  who  is  himself  a 
graduate  of  Stevens,  had  long  been  associated  with  its  faculty,  but 
was  recently  obliged  by  impaired  health  to  retire  from  active  work. 
As  a  tribute  to  the  mechanical  genius  and  strong  personality  of  Dr. 
Denton,  a  handsome  watch  and  fob,  accompanied  by  a  beautifully 
engraved  testimonial,  bearing  the  signatures  of  a  majority  of  the 
alumni  and  instructors  of  the  college,  were  presented. 

IMPORTANT   ANNOUNCEMENT  REGARDING    ANNUAL    MEETING 

The  Committee  on  Meetings  announce  that  the  Society  has  reached 

the  point  where  in  the  future  it  will  be  necessary  for  papers  to  be 
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submitted  earlier  than  has  heretofore  been  the  custom,  in  order  to 
secure  consideration  for  any  given  meeting.  In  order  to  avoid  dis- 
appointment on  the  part  of  those  expecting  to  contribute,  papers 
for  the  next  Annual  Meeting  in  December  should  be  in  the  hands  of 
the  Secretary  of  the  Society  by  September  1.  The  responses  to  the 
efforts  of  the  Committee  in  securing  papers  of  high  engineering 
merit. have  been  generous,  and  it  is  felt  that  the  greatest  good  to 
all  will  be  realized  by  allowing  ample  time  for  the  advance  publica- 
tion of  papers  and  the  solicitation  of  discussion.  The  committee  is 
making  this  early  announcement  so  that  there  will  be  ample  time 
to  prepare  manuscript  by  the  date  mentioned. 


THE  PRESENT  STATE   OF  DEVELOPMENT   OF 
LARGE  STEAM  TURBINES 

By  a.  G.  Christie 
ABSTRACT  OF  PAPER 

This  paper  deals  with  the  pi-escnt  state  of  development  of  leading  types  of 
large  steam  turbines,  some  details  of  construction,  the  commercial  results  ob- 
tained and  some  new  uses  to  which  steam  turbines  have  been  put.  It  also  points 
out  the  probable  tendencies  of  steam-turbine  development. 

For  the  purposes  of  discussion,  large  steam  turbines  are  divided  into  two  types, 
fundamental  and  modified  or  combined.  The  weak  elements  of  the  fundamental 
types  are  discussed  and  the  advantages  of  the  new  types  pointed  out.  Some 
new  constructons  are  shown  in  section. 

The  details  of  construction  are  discussed  fully.  A  table  with  brief  notes  on 
the  details  of  construction  of  individual  types  is  included  for  rapid  comparison  of 
the  practice  of  various  manufacturers.  The  different  types  are  also  compared 
on  the  basis  of  efficiency  as  shown  by  published  results  of  tests. 

The  present  status  of  low-pressiire  turbines,  turbo-compressors,  turbo-driven 
pumps,  geared  turbines  and  marine  turbines  is  discussed  briefly.  The  closing 
l)aragraphs  deal  with  the  probable  trend  of  steam  turbine  development  and 
future  possibihties. 


671 


THE  PRESENT   STATE   OF   DEVELOPMENT  OF 
LARGE  STEAM  TURBINES 

By  a.  G.  Chkistie,  Madison,  Wis. 
Associate   Member  of   the   Soeiety 

The  Transactions  of  the  Society  for  1910  includes  two  papers  on 
steam  turbines,  which,  with  the  accompanying  discussions,  give 
interesting  information  on  the  present  development  of  two  prominent 
American  types.  Mr.  Geo.  A.  Orrok  discussed  small  steam  tur- 
bines in  his  paper  published  in  Vol.  31  of  the  Transactions.  Vol.  25 
contains  papers  and  discussions  presented  at  the  Chicago  meeting 
of  the  Society  in  1904,  which  cover  the  leading  types  of  steam  tur- 
bines then  in  commercial  use.  It  seems  fitting  now  to  record  the 
present  state  of  development  of  large  steam  turbine  construction 
and  of  the  field  of  the  steam  turbine  both  in  this  country  and  in 
Europe. 

PRESENT    FIELD    OP    LARGE    STEAM    TURBINES 

2  Steam  turbines  are  now  being  used  for  driving  alternating- 
current  generators,  turbo-compressors,  turbo-blowers,  pumps  and 
marine  propellers,  and,  by  means  of  gearing,  to  furnish  power  to 
direct-current  generators,  rolling  mills  and  the  propeller  shafts  of 
steamships.  Reciprocating  engines  were  formerly  used  for  such 
purposes,  but  recently  this  class  of  engine  has  seldom  been  installed 
except  for  rolling-mill  work,  non-condensing  service  as  on  heating 
systems,  rope  and  belt  drives,  hoists,  and  in  certain  combinations 
with  low-pressure  turbines  in  marine  work.  The  high  economy  of 
the  piston-pumping  engines  and  also  of  some  types  of  air  compres- 
sors, has  continued  their  popularity  in  spite  of  the  increasing  competi- 
tion of  steam  turbine  units.  The  steam  turbine  has  found  favor 
principally  on  account  of  its  low  first  cost  of  installation,  its  small 
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floor  space  requirements,  its  contiuued  good  steuin  economy  over  a 
period  of  years  and  its  small  operating  and  re])air  charges. 

3  The  increased  use  of  steam  turbines  in  sizes  up  to  1000  h.  p. 
seems  to  have  received  at  least  a  temporary  check  in  Europe  by  the 
introduction  of  the  new  Stumpf  direct-flow  engine. 

TYPES    OF    STEAM    TURBINES 

■4  For  the  purpose  of  this  paper,  large  commerical  steam  turbines 
will  he  dixided  into  two  classes:  (a)  fundamental  types,  and  (b) 
modified  or  combined  types. 

5     The  fundamental  types  of  turbines  are  as  follows: 

a  The  Parsons  type,  which  works  on  the  so-called  "reaction" 
jirinciple.  In  this  type  the  heat  energy  of  the  steam  is 
changed  into  kinetic  energy,  both  in  the  stationary  guide 
blades  and  in  the  moving  blades.  In  other  words,  both 
sets  of  blades  act  as  orifices  expanding  the  steam  through 
a  small  pressure  drop.  As  nozzles  and  orifices  usually 
have  very  high  efficiencies,  this  turbine  should,  theoreti- 
cally, prove  the  most  economical  of  all  types.  The  con- 
struction of  the  Parsons  turbine  is  familiar  to  all  engineers. 
It  consists  of  a  drum,  or  a  number  of  drums,  carrying  the 
blade  rows  which  alternate  with  rows  in  the  casing.  The 
drums  carry  balance  pistons  to  etiualize  the  end  thrust. 
b  The  Curtis  type,  which  works  on  the  impulse  principle  with 
high  steam  velocities  and  few  stages.  Each  stage,  how- 
ever, is  provided  with  two  or  more  rows  of  revolving  blades 
known  as  "velocity  rows,"  with  intermediate  rows  of 
guide  blades.  The  steam  velocity  at  the  beginning  of 
each  stage  is  high.  The  characteristics  of  this  type  of 
turbine  are  presented  in  Mr.  W.  L.  R.  Emmet's  paper. 
The  Steam  Turbine  in  Modern  Engineering.^  The  revolv- 
ing blades  are  carried  on  disks  separated  by  diaphragms, 
which  extend  to  the  shaft  and  which  carry  the  orifices 
between  stag(\s.  Curtis  turbines  are  now  usually  built 
with  horizontal  shafts.  In  American  practice  some  sizes 
over  7000  kw.  still  have  vertical  shafts. 
c  The  Rateau  turbine,  which  consists  of  a  number  of  simple 
impulse  wheels  in  series  on  the  same  shaft  and  separated 
from  one  another  l)y  diaphragms  carrying  nozzles.     It 

1  Trans.  Am.  Soc.  M.  E.,  vol.  25,  p.  1041. 
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operates  with  lower  steam  veloeities  tliau  tlu;  Curtis 
and  consequently  has  many  more  stages.  Each  revolving 
element  carries  only  one  row  of  blades.  The  characteris- 
tics of  this  type  will  be  found  in  Prof.  A.  Rateau's 
paper,  Different  Applications  of  Steam  Turbines.^ 

The  type  of  turbine  known  as  the  Zoelly  belongs  to  the 
same  classification  as  the  Rateau,  from  which  it  differs 
only  in  the  use  of  higher  steam  velocities,  in  the  number 
of  stages  and  in  certain  constructional  details.  Fig.  1 
shows  a  section  of  a  Zoelly  turbine.  Though  this  type 
has  been  widely  adopted  abroad,  it  has  not  been  placed 
on  the  American  market  up  to  the  present  time. 

6  Each  of  these  fundamental  types  is  based  on  sound  theoretical 
principles.  In  the  process  of  manufacture  and  in  operation,  certain 
features  have  not  proved  entirely  satisfactory,  hence  far-reaching 
modifications  have  been  made  in  the  design  of  some  types  of  turbines. 
Some  manufacturers  have  combined  the  characteristics  of  two  or 
more  tj^es  to  overcome  the  inherent  limitations  of  each  fundamental 
type.  A  discussion  of  the  unsatisfactory  operating  conditions  of 
each  type  will  show  the  reasons  which  led  up  to  the  changes  in  recent 
turbines  and  will  also  aid  in  distinguishing  the  novel  features  of  new 
designs. 

7  The  first  rows  of  spindle  blades  in  a  standard  Parsons  turbine 
are  placed  on  a  drum  of  small  diameter  in  order  to  make  the  blades 
as  long  as  possible  and  to  minimize  the  proportional  leakage  losses 
past  the  ends  of  the  blades.  A  large  number  of  rows  are  provided 
in  order  to  keep  the  steam  velocities  low,  as  the  blade  velocities 
must  be  low  with  the  small  drum.  The  drop  in  pressure  at  each  row 
is  small  and  hence  the  leakage  is  correspondingly  reduced.  This 
construction  results  in  a  turbine  with  a  long  spindle  and  with  great 
distance  between  bearings.  High-pressure  steam,  frequently  at 
high  temperature,  is  admitted  to  the  casing.  Distortion  of  casing 
and  spindle  are  thus  easily  conceivable  in  such  construction,  and  to 
allow  for  this  contingency  the  clearance  on  the  ends  of  all  blades  is 
usually  increased.  This  distortion  may  be  due  either  to  unequal 
heating  or  to  the  growth  of  the  cast-iron  casings.  The  fluid  friction 
losses  are  large  in  this  high-pressure  section,  for  a  large  number  of 
rows  of  blades  must  be  revolved  in  steam  of  high  density.  The  leak- 
age losses  and  fluid  friction  losses  in  the  high-pressure  section,  to- 

>  Trans.  Am.  Soc.  M.  E.,  vol.  25,  p.  782. 
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gcther  with  the  troubles  due  to  distortion  in  the  long  shaft,  have 
forced  designers  to  introduce  modifications  in  this  portion  of  the 
turbine,  either  by  new  blading  arrangements,  by  dividing  the  total 
expansion  in  large  sizes  between  two  cylinders  or  by  the  introduction 
of  impulse  blading. 

8  The  low-pressure  sections  of  Parsons  turbines  have  always 
shown  high  efficiencies.  As  low  steam  velocities  are  characteristic 
of  this  type,  there  is  no  cutting  away  of  blade  material,  even  with 
very  wet  steam,  provided  no  injurious  properties  are  present  in  the 
feedwater.  This  low-pressure  section  has  therefore  been  altered  only 
in  details. 

9  The  presence  of  a  large  low-pressure  balance  piston  in  close 
proximity  to  the  steam  inlet  has  frequently  been  the  cause  of  serious 
distortions.  Many  builders  now  place  this  balance  piston  in  the 
exhaust  end,  a  construction  due  to  Fullager. 

10  The  Curtis  turbine  utilizes  high  steam  velocities  in  all  stages. 
As  steam  becomes  wet  through  expansion  in  the  low-pressure  stages, 
there  is  frequently  considerable  cuttirjg  of  the  blade  material  by  the 
steam,  although,  contrary  to  first  expectations,  there  is  seldom  cut- 
ting in  the  high-pressure  blades  due  to  the  high  initial  velocities. 
The  first  row  of  velocity  blades  in  a  stage  usually  does  the  greater 
portion  of  the  work,  and  hence  the  second  row  does  not  work  at 
maximum  efficiency.  As  the  steam  of  the  first  stage  is  expanded  very 
fully  in  the  nozzles,  there  is  no  high  pressure  or  superheat  in  the 
turbine  casing  or  at  the  glands.  The  vertical  type  of  unit  is  sometimes 
subject  to  electrical  unbalancing  and  to  other  troubles  peculiar  to 
this  construction.  It  is  not  as  accessible  in  operation  as  the  hori- 
zontal machines. 

11  Recent  designs  have  provided  for  horizontal  units  and  for 
the  replacement  of  the  low-pressure  section  by  sections  of  other 
types. 

12  The  Rateau  turbine  has  high  pressures  on  the  gland  at  one 
end.  There  are  a  large  number  of  disks  revolving  in  dense  steam 
at  the  high-pressure  end.  It  has  lower  steam  velocities  throughout 
than  the  Curtis,  and  consequently  has  no  blade-cutting  effects  in 
the  low-pressure  section.  The  clearances  around  the  blades  are 
large,  but  the  shaft  clearances  of  the  diaphragms  must  be  kept  small. 
Some  builders  of  this  and  the  Curtis  type  have  brought  out  neAV 
designs  which  employ  the  high-pressure  section  of  the  Curtis  with 
the  low-pressure  section  of  the  Rateau.  These  represent  a  com- 
promise between  efficiency  and  manufacturing  costs. 
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13  Under  the  classification  of  modified  or  combined  types,  there 
are  turbines  with  modified  Parsons,  Curtis  and  Rateau  construction, 
and  turbines  with  combinations  of  Curtis-Parsons,  Rateau-Parsons, 
Curtis-Rateau  and  Curtis-Zoelly  construction,  with  a  few  special 
combinations.  Some  typical  turbines  of  these  classes  are  described 
in  the  following  paragraphs. 

14  The  AUis-Chalmers  Company  manufacture  a  turbine  of  the 
modified  Parsons  type.  High  peripheral  speeds  are  employed  with 
a  decreased  number  of  rows.  A  portion  of  the  theoretical  efficiency 
in  the  high-pressure  end  has  been  sacrificed  by  the  use  of  fewer  blade 
rows.  Also  a  smaller  proportion  of  work  is  done  in  this  section  than 
is  usual  in  Parsons  turbines.  The  blades  are  all  provided  with  a 
channel-shaped  shroud.  European  experimenters  have  pointed  out 
that  better  efficiencies  are  obtained  with  shrouded  than  with  plain 
blades,  as  the  so-called  spilling-over  at  the  ends  is  prevented.  Wing 
blades  are  fitted  in  the  last  low-pressure  rows  to  take  care  of  the 
large  volumes  of  low-pressure  steam.  The  spindle  is  much  shorter 
and  stiffer  than  the  standard  Parsons,  and  hence  smaller  clearances 
can  be  provided.  The  Fullager  low-pressure  balance  piston  is  also 
used.  The  outstanding  features  of  this  design  are,  reaction  principle 
with  drum  construction,  few  rows  of  blades  with  high  steam  veloci- 
ties, short  spindle  construction,  and  employment  of  wing  blades  for 
high  vacuum.  The  steam  consumptions  obtained  on  this  type  show 
improved  efficiency  over  standard  construction. 

15  A  number  of  Parsons  turbines  have  been  built  in  which  the 
total  expansion  is  divided  between  two  cylinders.  One  of  the  best 
known  units  of  this  type  is  installed  at  Dunstan  Power  Station, 
England.  This  was  built  by  Richardsons  Westgarth  &  Company 
on  Brown-Boveri  designs.  This  unit,  however,  employs  a  modified 
double-flow  Parsons  construction  in  the  low-pressure  cylinder. 

16  C.  A.  Parsons  &  Co.  have  used  cast-steel  cylinders  for  the 
high-pressure  portion  of  their  turbines  so  as  to  overcome  the  troubles 
due  to  deformation  and  growth  of  metal  under  high  pressures  and 
superheat  experienced  with  cast-iron  casings. 

17  The  Westinghouse  Machine  Company  have  developed  a 
double-flow  machine  which  employs  a  Curtis  high-pressure  stage 
with  Parsons  intermediate  and  double-flow  low-pressure  sections. 
There  is  only  one  balance  piston  in  this  machine  next  to  the  Curtis 
ring.     Mr.  Sam  L.  Naphtaly  described  this  type  of  machine  in  his 
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paper,  "Test  of  a  10,000-Kw.  Steam  Turbine,"  and  also  showed  a 
cross-section  of  the  tiirl)ine.^ 

18  These  turl)ines  run  at  high  speeds,  have  short  shafts  and 
small  clearances.  The  steam  is  expanded  in  the  nozzles,  and  hence 
there  are  no  high  ])ressures  or  temperatures  in  the  casing.  By  pro- 
viding two  low-pressure  sections,  high  vacuum  can  be  economically 

utilized. 

19  European  builders  of  Parsons  turbines,  among  whom  are 
Brown  Boveri  &  Company,  C\  A.  Parsons  &  Co.,  Franco  Tosi, 
Sulzers,  Willans  &  Robinson  and  Erste  Briinner,  have  replaced  the 
high-pressure  sections  of  their  Parsons  turbines  by  a  Curtis  wheel 
with  two  or  more;  velocity  rows,  but  have  retained  the  single-flow 
Parsons  drum  construction  for  the  remaining  portions.  One  of 
these  units  is  shown  in  Fig.  2.  The  temperatures  and  pressures  in 
the  casing  are  lo^y  as  the  steam  is  expanded  in  the  nozzles.  The 
distance  between  bearings  is  decreased,  the  shaft  is  stiff er  and 
clearances  are  smaller  than  in  the  standard  Parsons  turbine.  The 
Fullager  balance  piston  is  used  in  the  turl^ines  of  several  of  these 
builders.  Turbines  l:)uilt  in  this  manner  have  shown  some  excep- 
tionally good  efficiencies. 

20  Compared  with  the  Westinghouse  machine,  the  leakage  at 
the  end  of  the  low-pressure  blading  is  less  than  in  the  double-flow 
section.  On  the  other  hand,  the  Westinghouse  machine  has  smaller 
balance  piston  losses  and  can  also  utilize  the  highest  vacuum  at 
better  efficiency. 

21  Melms  &  Pfenniger  employ  a  drum  impulse  section  of  about 
five  stages  instead  of  a  Curtis  ring  on  some  of  their  large  turbines. 
They  claim  improved  efficiency  from  this  construction,  though  high- 
pressure  and  high-temperature  steam  are  introduced  into  the  casing. 

22  The  General  Electric  Company  now  manufacture  a  horizontal 
type  Curtis  turbine  in  all  sizes  up  to  7000  kw.,  a  section  of  which  is 
shown  in  Fig.  3.  This  (^mbodies  all  the  essential  features  of  the 
Curtis  design.  Compared  with  the  vertical  type,  this  design  pro- 
vides easier  access  to  all  working  parts  such  as  governor,  bearings, 
valves,  etc.,  and  allows  a  better  survey  of  the  unit.  The  machine 
can  also  be  dismantled  and  its  internal  parts  examined  with  less 
trouble.  The  oiling  problem  is  very  simple  compared  with  the 
vertical  units,  as  there  is  no  step  bearing  to  ])rovide  for.  It  is  pos- 
sible that  only  horizontal  units  of  all  sizes  will  be  built  in  the  near 

»  Trans.  Am.  Soc.  M.  K.,  vol.  32,  p.  12.51. 
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future.     The  A.  E.  G.  also  builds  similar  turbines  up  to  1000  kw. 
capacity. 

23  Man}'  manufacturers  in  Europe  are  now  building  a  turbine 
of  the  tj'pe  shown  in  Fig.  4.  This  consists  of  a  Curtis  high-pressure 
with  Rateau  or  Zoelly  low-pressure  sections,  the  number  of  stages 
depending  on  the  size  of  the  machine,  the  speed  and  the  steam  con- 
ditions. The  pressure  and  temperature  in  the  casing  are  low,  as  a 
consequence  of  the  expansion  of  the  steam  in  the  nozzles.  The 
steam  velocitj^  is  moderate  in  the  low-pressure^  section.     This  ma- 


FiG.  5     Spindle  of  Curtis  Drum-Impulse  Turbine  of  Belliss  &  Morcom 


chine  is  longer  than  the  simple  Curtis  but  shorter  than  the  Rateau. 
Its  builders  claim  improved  efficiencies  over  either  of  the  funda- 
mental types. 

24  Belhss  &  Morcom,  of  Birmingham,  England,  have  introduced 
a  turbine,  the  spindle  of  which  is  shown  in  Fig.  5.  It  consists  of  a 
high-pressure  Curtis  stage  with  a  low-pressure  drum  construction 
like  Parsons,  but  fitted  with  impulse  blading  on  the  spindle  and 
blades  forming  expansion  parallel  wall  nozzles  in  the  casing.  All 
other  impulse  turbines  employ  diaphragms  extending  to  the  shaft. 
There  are  a  greater  number  of  rows  in  a  Belliss  turbine  than  in  a 
corresponding  Rateau  turbine,  and  hence  a  lesser  pressure  drop 
through  each  set  of  guide  blades.    The  net  leakage  loss  may  thus  be 
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lower  than  the  Rateau,  even  though  the  leakage  area  is  greater. 
This  turbine  is  essentially  a  Curtis-Parsons  construction,  with  few 
rows  of  blades  and  with  the  expansion  taking  place  in  the  stationary 
blades  only. 

25  A  turbine,  shown  in  Fig.  6,  has  recently  been  patented  in  Eng- 
land, which  has  some  features  of  unusual  interest.  The  high-pressure 
stage  is  Curtis,  the  intermediate  section  is  of  a  drum  impulse  type 
with  three  stages,  while  the  low-pressure  portion  is  Parsons,  which 
may  be  also  double-flow.  This  combines  features  of  all  three  funda- 
mental t3^pes,  and  it  will  be  interesting  to  see  what  results  are  ob- 
tained in  practice  by  such  an  arrangement. 

DISCUSSION    OF    TURBINE     DETAILS 

26  In  the  early  days  of  steam  turbine  building  it  was  difficult 
to  secure  suitable  materials  to  withstand  the  stresses  set  up  at  high 
speeds  of  rotation.  But  as  the  demand  for  such  materials  increased, 
much  study  was  given  to  the  requirements  for  this  service  so  that 
it  has  been  possible  through  the  use  of  more  suitable  material  to 
increase  very  considerably  the  speeds  of  all  sizes  of  steam  turbines. 

27  Higher  steam  velocities  are  possible  with  increased  peripheral 
speed,  and  thus  fewer  rows  of  blades  or  stages  are  required.  This 
results  in  a  shorter  and  more  rigid  shaft  construction,  which  is 
therefore  less  liable  to  vibration.  Many  builders,  especially  those 
of  Parsons  turbines,  have  found  this  construction  to  give  an  increase 
in  steam  economy  over  the  slow-speed  types,  so  that  the  more  com- 
pact modern  high-speed  machine  is  more  desirable  than  the  older 
type. 

BLADING 

28  The  requirements  of  a  satisfactory  blading  material  are 
that  it  shall  withstand  without  deformation  stresses  due  to  centrif- 
ugal force,  and  temperature  or  pressure  changes,  it  shall  not  cut  out 
with  high  velocities  of  steam,  and  that  it  shall  withstand  the  corro- 
sive effects  of  moisture.  Parsons  turbines  have  used  special  bronzes 
and  copper-nickel  alloys.  Steel  blades  have  also  been  used  in  some 
cases.  In  these  turbines  the  .steam  velocities  are  low  and  there  is 
usually  no  cutting  on  this  account.  The  principal  problem  with 
this  blading  is  to  manufacture  it  cheaply  and  secure  it  in  such  a 
manner  that  it  will  withstand  all  stresses  to  which  it  is  subjected. 
This  blading  design  is  therefore  a  question  of  detail,  and,  as  shown  in 
Table  1,  many  ingenious  schemes  have  been  devised. 


68G     PRESENT  STATE  OF  DEVELOPMP^NT  OF  LARGE  STEAM  TURBINES 

29  In  Parsons  tuil)ines  the  blades  are  usually  cut,  punched  or 
pressed  into  proper  form  from  strips  of  drawn  material.  The  original 
Parsons  blading  consisted  of  alternate  blades  and  distance  pieces 
placed  in  a  slightly  dovetailed  slot  and  calked  tight.  Many  European 
builders  thread  blades  and  distance  pieces  on  holding  wires  before 
calking  in.  In  this  case  the  blading  is  made  up  in  sections.  Other 
builders  of  turbines  of  the  Parsons  type  use  Sankcy's  solid  founda- 
tion ring  held  in  place  by  a  soft  metal  calking  strip.  Allis-Chalmers 
employ  this  well-known  construction.  As  this  form  is  usually  all 
machine  made,  it  is  considered  by  many  engineers  to  be  safer  than 
where  dependence  is  placed  on  hand  work,  such  as  must  ordinarily 
be  done  where  each  distance  piece  is  calked  separately. 

30  There  are  many  methods  in  vogue  for  spacing  and  reinforcing 
the  ends  of  Parsons  blading.  The  Westinghouse  Machine  Company 
use  a  comma-shaped  wire  threaded  through  the  blades  near  their 
outer  end  and  bent  over  between  them.  Similar  schemes  are  used 
by  manufacturers  in  Europe.  As  a  rule,  however,  European  build- 
ers follow  the  old  Parsons  method  of  silver  soldering  or  brazing  the 
blades  to  a  holding  wire  near  their  outer  ends.  They  generally  thin 
down  the  tips  of  the  blades  to  reduce  weight  and  to  avoid  injurious 
effects  to  spindle  or  casing  from  accidental  rubs.  Some  builders, 
such  as  Sulzers,  do  not  thin  off  their  blades  or  use  shrouds,  but  make 
their  spindles  so  rigid  and  well  balanced  that  the  blades  can  be  made 
with  a  very  heavy  cross-section  and  hence  need  no  support.  Several 
manufacturers  rivet  the  outer  ends  of  their  blades  into  channel- 
shaped  shroud  rings.     This  gives  an  especially  stiff  construction. 

31  Advocates  of  the  shrouded  blading  claim  that  it  provides  a 
labyrinth  passage  for  the  steam  and  thus  reduces  the  leakage  losses 
from  row  to  row.  It  also  holds  the  blades  at  the  required  angles. 
It  has  been  noted,  however,  that  with  wet  steam  there  is  a  tendency 
for  the  moisture  to  pit  the  casing  opposite  the  edges  of  the  shrouds 
and  thus  increase  the  clearances.  This  action  has  also  been  noticed 
with  unshrouded  Parsons  blading.  The  shrouded  blading  is  usually 
so  stiff  that  serious  damage  is  done  if  rubbing  starts  between  the 
blading  and  the  spindle  or  casing. 

32  The  blading  of  impulse  turbines  is  of  nickel  steel,  frequently 
with  25  per  cent  nickel,  in  the  high-pressure  section  and  special 
bronze  in  the  other  stages.  Experience  with  this  25  per  cent  nickel 
steel  blading  material  has  not  been  entirely  satisfactory,  and  several 
manufacturers  are  now  using  a  low  carbon  steel  alloy  with  just 
sufficient  nickel  to  prevent  corrosion,  usually  about  5  per  cent.  These 
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blades  are  said  to  be  stronger  and  less  liable  to  fatigue  of  material. 
Special  bronze  and  monel  metal  have  also  been  successfully  used. 
These  impulse  blades  are  stamped  from  sheets,  drop  forged  or  milled 
from  solid  bars  with  or  without  a  wide  base  to  act  as  a  distance  piece, 
or  are  made  from  extruded  metal  strips  of  the  desired  cross-section. 
Usually  these  blades  are  of  crescent  section,  but  some  are  formed  of 
flat  strip  material  and  made  of  constant  thickness  over  the  width 
of  the  bla(l(\  The  separat(;  distance  pieces  are  usually  of  the  same 
material  as  the  blades  themselves.  In  general,  all  impulse  blades 
are  provided  with  shrouds  to  prevent  vibration  and  also  to  provide 
an   enclosed   passageway  for  the  steam  at  high  velocities.     As  there 


Fig.  S     'I'yi'Es  of  Bladinc;  uskd  by  Buitish  Westinghousk  Company 


is  no  drop  in  pressure  between  the  two  sides  of  a  row  of  moving 
l)lades,  the  clearance  can  be  made  large,  both  on  the  end  and  sides, 
so  that  there  is  little  possibility  of  rubbing  when  in  operation. 

33  Impulse  blading  is  usually  held  in  place  in  dovetailed  grooves 
or  in  tee-shaped  slots,  although  some  manufacturers  form  their  blades 
with  two  legs  which  straddU;  the  disks  and  are  held  firmly  in  place 
by  rivets. 

34  The  first  impulse  turbines  had  blading  in  w^iich  the  inlet  and 
discharge  angles  were  equal.  Now  almost  all  builders  use  blading 
on  which  the  discharge  side  of  the  blade  makes  a  sharper  angle  with 
the  axis  than  the  inlet  side.  This  does  not  necessarily  mean  that  the 
discharge  area  of  the  blades  is  smaller  than  the  inlet  area,  for  the 
blade  is  usually  lengthened  radially  on  the  discharge  side.  Thus 
both  inlet  and  discharge  areas  are  made  equal.  The  sharper  angle 
of  discharge  reduces  slightly  the  relative  velocity  of  exhaust  from 
the  moving  blade.     On  turbines  of  the  Curtis  type  there  is  usually 
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only  a  small  difference  between  the  inlet  and  outlet  angles  of  the 
first  row  of  moving  blades,  but  on  the  second  row  of  moving  blades 
in  the  stage,  the  entrance  and  exit  angles  often  differ  by  as  much  as 
15  deg. 


«^^«rrr< 


Fig.  9     Brown  Boveri's  Reaction  Blading 


7/p^ 


Fig.  10    Belliss  &  Morcom  Impulse  Blading 


35  Some  impulse  turbine  designs  are  such  that  there  must  evident- 
ly be  some  such  reaction  effect  in  the  moving  blades  as  is  obtained 
in  Parsons  turbines,  though  not  of  sufficient  amount  to  cause  any 
noticeable  end  thrust. 

36  Some  recent  interesting  developments  in  blading  are  shown 
in  Figs.  7-11.  Fig.  7  shows  the  various  steps  in  the  manufacture  of 
the  thin  sheet  metal  blading  used  by  Bergmann.  The  blading  of  the 
Rateau  disks  of  British  Westinghouse  turbines  is  clearly  illustrated 
in  Fig.  8.    Brown  Boveri's  form  of  Parsons  blading  is  illustrated  in 
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Fig.  9.  Bolliss  &  Morcom  use  a  unique  form  of  blading  on  the  drum 
impulse  section.  This  blading  is  shown  in  Fig.  10.  Franco  Tosi 
cuts  projections  like  threads  in  his  blade  grooves  and  mills  corre- 
sponding projections  on  the  base  of  the  blades,  as  in  Fig.  11.  This 
is  a  very  satisfactory  but  expensive  form  of  l)lading. 

37  The  number  of  rows  of  blades  in  any  given  type  depends 
(>ntirely  on  the  size  and  speed  of  the  unit,  the  steam  conditions 
under  which  the  turbine  will  operate  and  the  heat  drop  per  row 
or  stage  assumed  in  the  design.  Each  designer  selects  such  condi- 
tions as  his  experience  and  judgment  lead  him  to  consider  the  most 
satisfactory.  It  is  thus  hard  to  draw  any  general  conclusions  as  to 
the  most  desirable  number  of  rows  for  any  class  of  turbine.  In 
general,  it  may  be  said  that  the  Parsons  turbines  require  from  40  to 
80  sets  of  moving  and  stationary  blades,  the  Curtis  from  4  to  8 
stages,  the  Rateau  from  12  to  25  stages,  the  Zoelly  from  8  to  20 
stages,  while  the  Curtis-Parsons  and  Curtis-Rateau  combinations  of 
course  require  several  rows  less  than  the  fundamental  types. 

NOZZLES 

38  The  high-pressure  nozzles  in  impulse  or  combination  tur- 
bines are  made  of  bronze  or  nickel  steel  highly  polished  inside  and 
placed  either  in  the  upper  end  of  the  casing  itself,  or,  more  preferably, 
in  a  separate  steel  casting  which  bolts  upon  the  casing.  In  the  latter 
construction  the  casing  itself  is  never  subjected  to  the  high  tem- 
perature or  pressure  of  the  entering  steam. 

39  The  nozzles  in  the  diaphragms  between  stages  are  usually 
made  of  nickel  steel  or  other  special  steel,  bent  to  the  proper  form 
and  cast  in  place  in  the  diaphragm  body.  Some  manufacturers  use 
brass  nozzles  in  place  of  steel  made  up  in  sections  and  riveted  or 
bolted  in  place.  All  these  passages  must  be  smooth  and  preferably 
very  highly  polished  to  reduce  friction  losses.  After  the  first  stage 
all  nozzles  have  parallel  walls  on  the  discharge  side. 

BEARINGS   AND    LUBRICATION 

40  Practice  varies  widely  with  regard  to  the  design  and  con- 
struction of  journals  and  bearings.  Builders  of  impulse  turbines 
invariably  use  cast-iron  bearing  shells  provided  with  spherical  self- 
aligning  pads  and  lined  with  white  metal.  These  are  l)eing  used  to 
an  increasing  extent  on  Parsons  turbines  and  without  exception  on 
all  low-speed  units.  Some  manufacturers  still  retain  the  original 
Parsons  form  of  bronze  bearing  shell  with  concentric  rings  on  the 
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outside,  separated  from  each  other  by  oil  films.  It  has  been  claimed 
for  this  type  of  bearing  that  the  oil  films  dampen  any  slight  varia- 
tion of  the  spindle  and  thus  provide  a  quieter  running  machine. 
Experience  has  shown  that  this  is  not  always  the  case  and  that  such 
a  bearing  is  often  a  real  source  of  danger  when  the  added  clearance 
of  the  spindle  due  to  play  between  the  rings  is  taken  into  considera- 
tion. This  construction  is  also  much  more  expensive  than  the  white 
metal  bearings. 

41  In  Europe  many  turbines  are  run  with  a  minimum  amount 
of  oil  and  with  oil  leaving  the  bearings  at  a  temperature  of  190  deg. 
fahr.  This  practice  is  based  on  the  argument  that  such  a  system  of 
lubrication  requires  the  least  expenditure  of  power  for  oil  circulation 
and  in  friction  losses.  However,  practice  seems  to  be  tending  to- 
wards flooded  lubrication,  in  which  a  great  quantity  of  oil  at  a  tem- 
perature of  about  100  deg.  fahr.  is  forced  through  the  bearings  by  a 
pump  of  the  rotary,  centrifugal  or  gear  type,  driven  from  the  main 
shaft  of  the  turbine.  The  oil  pressure  at  the  bearings  varies  from  3 
to  20  lb.  per  sq.  in.  The  life  of  the  oil  is  much  longer  in  this 
system  than  with  very  hot  oil  and  any  wear  on  the  bearings  them- 
selves is  absolutely  prevented.  Occasionally  the  bearing  shells  are 
water-cooled,  but  this  practice  should  be  discouraged.  Cooling 
water  can  be  used  much  more  satisfactorily  outside  of  small  oil  pipes 
in  properly  designed  coolers.  In  case  the  water  is  dirty  or  full  of 
scale-forming  impurities,  these  can  be  more  readily  removed  from 
an  oil  cooler  than  from  the  interior  of  a  bearing  shell. 

42  Flooded  lubrication  has  enabled  manufacturers  to  cut  down 
the  length  of  their  bearings  and  thus  reduce  the  total  length  of  their 
turbines.  The  increased  pressures  per  unit  area  on  the  bearings 
have  not  introduced  any  difficulties,  so  that  pressures  of  80  to  100 
lb.  per  sq.  in.  at  a  surface  speed  of  60  ft.  per  minute  are  common 
practice.  The  best  results  are  usually  obtained  with  a  temperature 
of  about  125  deg.  fahr.  as  the  oil  leaves  the  bearings. 

SPINDLE    CONSTRUCTION 

43  Parsons  turbines  in  America  are  usually  built  with  a  hollow 
quill  into  which  the  journal  ends  are  forced  and  fastened  by  shrink 
links  or  bolts.  The  high-pressure  blading  is  placed  in  grooves  in  one 
end  of  the  quill  itself.  The  intermediate  and  low-pressure  blades 
are  usually  carried  on  cast  or  forged-steel  rings  which  are  afterwards 
forced  and  keyed  upon  the  central  quill.  In  Europe  excellent  hollow 
steel  forgings  can  be  obtained  very  readily,  and  hence  the  spindles 
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of  Parsons  and  other  drum  type  turbines  are  usually  made  up  of  one 
forging  with  the  journal  shafts  fastened  into  the  ends. 

44  The  shafts  of  impulse  turbines  are  usually  in  one  piece  and 
carry  the  blade  disks,  which  are  high-grade  steel  or  nickel-steel 
forgings  or  castings.  These  disks  are  fitted  and  keyed  on  the  shaft 
and  held  in  place  by  shrink  links  or  lock  nuts. 

45  It  is  quite  general  practice  now  to  design  the  shafts  so  that 
the  normal  speed  of  the  turbine  will  be  very  considerably  below  the 
critical  speed  due  to  any  slight  unbalancing  of  the  mass  that  may 
be  present.  This  removes  the  dangerous  vibrations  often  experi- 
enced when  passing  through  critical  speeds  and  permits  closer 
clearances  to  be  used  on  Parsons  blading  and  in  the  labyrinth  pas- 
sages in  the  diaphragms  between  the  stages  of  impulse  turbines. 

PACKING    GLANDS 

46  A  small  impeller  supplied  with  water  is  provided  on  all  Amer- 
ican built  Parsons  turbines  to  form  an  air  seal  at  the  shaft  glands. 
European  builders  prefer  to  use  labyrinth  packings  with  live  or 
throttled  steam  as  an  air  seal.  The  objection  raised  by  foreign  build- 
ers to  the  water  packing  is  that  it  takes  too  much  power  to  drive 
the  impeller,  and  that  it  provides  a  condensing  surface  for  the  steam. 
The  amount  of  water  required  in  a  well-designed  gland  is  very  small, 
and  there  is  no  great  circulation.  Thus  the  water  can  have  only  a 
small  effect  as  a  condensing  medium.  Usually  the  steam  directly 
inside  the  casing  is  under  vacuum  and  then  condensation  would  not 
be  objectionable.  It  requires  considerable  steam  to  pack  the  laby- 
rinth type  of  gland,  and  this  loss  often  exceeds  that  due  to  the  power 
required  to  drive  the  water  impellers. 

47  Impulse  turbines  use  carbon  rings  at  the  high-pressure  gland, 
especially  when  superheated  steam  is  used.  The  leakage  past  the 
first  rings  is  carried  through  a  passage  and  pipe  to  the  low-pressure 
glands  to  act  as  a  vacuum  seal.  The  labyrinth  packing  in  the 
diaphragms  is  usually  of  bronze  in  the  high-pressure  stages  and 
frequently  of  white  metal  in  the  low-pressure  section.  The  low- 
pressure  shaft  glands  are  made  either  with  carbon  or  labyrinth 
packing,  sealed  by  steam. 

THRUST   BEARINGS 

48  Thrust  bearings  are  now  provided  on  all  types  of  turbines. 
These  serve  to  adjust  the  position  of  the  spindle  and  to  take  up  any 
end  thrust  present.     The  end  thrust  in  well  designed  turbines  is 
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usually  of  small  aniouut  and  seldom  causes  trouble.  These  bearings 
are  usually  flooded  with  oil  and  are  often  made  with  bronze  rings 
which  can  easily  be  replaced  in  case  of  damage. 

49  Several  builders  of  Curtis-Parsons  turbines  have  substituted 
an  oil  thrust  piston  for  the  steam  balance  piston  of  the  usual  form. 
This  i)iston  is  placed  on  the  gov(>rnor  end  of  the  shaft  outside  of  the 
casing  ijroper.  The  thrust  is  taken  up  by  oil  which  is  supplied  under 
pressure  and  which  can  escape  only  through  sets  of  labyrinth  baffles 
on  the  piston  and  on  the  surrounding  chamber.  The  piston  adjusts 
itself  for  the  amount  of  thrust  present  by  a  small  axial  movement 
of  the  shaft,  thus  opening  or  closing  the  discharge  area  for  the  oil 
through  the  labyrinth  baffles,  and  automatically  varies  the  oil  pres- 
sure on  tlu!  face  of  the  piston.  This  arrangement  does  away  with 
the  loss  of  steam  through  balance  pistons  and  should  improve  the 
turl)ine  efficiency,  though  a  small  amount  of  pow(>r  is  recjuired  to 
pump  the  oil. 

GOVERNING    DEVICES 

50  The  speed  of  Parsons  turbines  is  usually  controlled  by  a 
centrifugal  governor  of  the  Hartung  or  similar  type  which  regulates 
the  position  of  a  balanced  poppet  valve  through  the  medium  of  a 
steam  or  oil  relay.  The  latter  type  is  coming  into  more  general  use 
on  account  of  its  many  advautages  over  the  steam  relay.  The  steam 
is  throttled  either  at  constant  pressure  or  by  a  pulsating  action. 

51  Impulse  turbines  and  turbines  employing  a  Curtis  high- 
pressure  ring  usually  govern  by  means  of  Hartung  type  governors 
and  oil  relays.  The  speed  is  sometimes  controlled  by  simple  throttling 
of  the  steam,  w^hich  practice  is  common  in  Europe.  In  this 
case,  additional  nozzles  can  be  opened  or  closed  by  hand  as  required. 
This  system  would  be  unsuitable  with  violently  fluctuating  loads. 
Other  types  employ  both  throttling  and  automatic  nozzle  regula- 
tion, while,  again,  many  turbines,  particularly  of  the  Curtis  type, 
are  built  for  nozzle  governing  alone.  In  Europe  there  is  a  differ- 
ence of  opinion  as  to  the  most  economical  method  of  governing. 
M.  H.  Zoelly  claims  that  he  gets  the  best  results  on  his  type  of  tur- 
bine by  throttle  governing.  It  is  generally  admitted,  however,  that 
impulse  turbines  give  the  best  results  by  controlling  the  number  of 
nozzles  that  are  open  at  any  load.  With  such  control  the  pressure 
before  the  nozzles  in  service  is  always  the  normal  pressure  for  which 
these  are  designed.  The  General  Electric  Company  govern  their 
tur])ines  above  300  kw.  by  means  of  an  oil  relay  system  which  oper- 


A.    G.    CHRISTIE  695 

ates  through  a  jjiston  and  camshaft,  to  open  or  close  nozzles  as 
required  by  load  conditions. 

52  The  Westinghouse  Machine  Company  use  a  vibrating  oil 
relay  system  on  many  of  their  machines.  Recently  they  have 
adopted  on  some  sizes  a  very  powerful  governor  which  is  direct- 
connected  to  the  governing  valve  and  operates  it  without  the  use  of 
relays.  This  system  was  adopted  by  some  of  the  early  European 
builders,  but  was  abandoned  in  favor  of  the  oil  relay  system. 

53  Sulzers  have  recently  installed  turbines  in  which  the  conven- 
tional centrifugal  force  governor  has  been  replaced  by  a  hydraulic 
governor.  This  governor  consists  of  a  simple  centrifugal  pump, 
geared  to  the  main  shaft  and  delivering  oil  under  pressure  into  a 
chamber  beneath  a  spring  loaded  piston.  The  pressure  under  this 
piston  is  thus  dependent  on  the  speed  of  the  main  turbine  and  the 
piston's  position  in  its  cylinder  will  vary  accordingly.  The  piston 
is  connected  to  the  usual  balanced  valve  of  an  oil  relay  which  con- 
trols the  oil  supply  from  che  main  oil  pump  to  the  throttle  valve  in 
the  usual  manner.  There  are  no  mechanical  parts  to  wear  in  this 
arrangement.  The  apparatus  is  extremely  simple  and  has  many 
distinct  advantages. 

54  All  turbines  are  now  provided  with  a  small  overspeed  gover- 
nor, usually  placed  at  the  outside  end  of  the  shaft.  This  operates  at 
a  determined  percentage  over  speed  and  closes  the  main  or  secondary 
steam  valve  either  by  means  of  a  steam  or  oil  relay  or  by  a  falling 
weight  through  a  system  of  levers  and  springs.  The  oil  relay  system 
has  the  advantage  that  the  valve  shuts  immediately  should  the  oil 
supply  fail  for  any  reason. 

55  Parsons  turbines  are  usually  provided  with  a  secondary  over- 
load valve  which  automatically  admits  live  steam  to  the  second 
diameter  of  blades.  Impulse  turbines  have  additional  sets  of  nozzles 
with  valves  which  may  be  opened  automatically,  or  by  hand  in  case 
of  overloads. 

CASINGS 

56  Practice  varies  widely  in  regard  to  the  construction  of  turbine 
casings.  These  are  generally  made  of  cast  iron,  though  some  Euro- 
pean builders  make  the  high-pressure  front  end  of  cast  steel.  Parsons 
turbines  are  built  with  the  top  and  bottom  halves  single  castings  or 
made  in  sections.  Some  of  the  older  designs  of  impulse  turbines 
used  solid  diaphragm  plates  placed  on  the  shaft  between  the  disks. 
The  clumsiness  of  handling  and  the  difficulty  of  making  repairs  with 
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this  construction  has  forced  most  builders  to  make  these  in  halves 
and  to  fasten  them  to  the  top  and  bottom  portions  of  the  casing. 

57  Cylinder  casings  are  now  made  of  symmetrical  design  and 
without  any  deep  metal  webs  or  ribs  as  stiff eners  on  the  outside. 
Equalizing  pipes  with  provision  for  expansion  take  the  place  of 
passages  formerly  cast  in  the  casings  themselves.  Strains  due  to 
unequal  temperatures  must  be  avoided  in  all  portions. 

BED-PLATES 

58  Several  European  builders  make  a  practice  of  filling  the 
hollow  portions  of  their  turbine  and  generator  bed-plates  with  con- 
crete after  erection.  This  adds  more  mass  to  the  turbine  unit  and 
is  said  to  dampen  any  slight  vibration  that  may  be  present. 

TURBO-GENERATORS 

59  A  discussion  of  the  design  of  turbo-generators  is  beyond  the 
limits  of  this  paper.  In  general,  European  builders  of  electrical 
machinery  allow  less  overload  capacity  than  is  usual  on  American 
machines,  but  give  better  guarantees  of  efficiency  and  regulation. 

60  Practice  varies  widely  in  regard  to  the  normal  rating  and 
maximum  capacities  of  different  turbines.  Some  European  builders 
guarantee  their  generators  to  carry  normal  full  load  without  undue 
heating  only  for  two  to  six  hours.  Others  follow  the  practice  which 
has  been  introduced  in  America  of  rating  their  turbines  at  the  maxi- 
mum load  they  will  carry  continuously.  Several  builders  still  offer 
turbines  which  will  carry  as  high  as  25  per  cent  overload  continu- 
oush% 

61  Such  conditions  are  very  confusing  to  purchasers.  The  time 
seems  opportune  for  this  Society  to  fix  a  standard  for  the  rating  of 
steam  turbines  and  to  define  the  overload  capacity  which  may  be 
expected  of  this  tj^pe  of  engine. 

COMMERCIAL    CONSIDERATIONS 

62  When  steam  turbines  are  to  be  installed  at  high  altitudes,  as 
in  many  locations  in  the  west,  the  effect  of  altitude  on  economy 
frequently  comes  up.  It  can  be  easily  shown  that  with  the  same 
boiler  pressure  and  the  same  absolute  pressure  in  the  condenser,  the 
steam  consumption  of  a  turbine  at  5000  ft.  elevation  should  exceed 
that  of  a  similar  turbine  at  sea  level  by  less  than  1  per  cent. 

63  Each  turbine  is  designed  to  operate  at  maximum  efficiency 
at  some  given  vacuum.     Owing  to  uncertainties  in  design  factors 
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for  losses  and  to  slight  inaccuracies  in  construction,  the  most  efficient 
vacuum  may  vary  somewhat  from  that  for  which  the  turbine  was 
designed.  Theoretically,  the  steam  consumption  should  decrease  as 
the  vacuum  increases,  but  this  rate  of  decrease  will  vary  for  each 
type  of  turbine,  depending  on  the  blade  areas  and  steam  velocities 
of  the  low-pressure  section.  It  is,  therefore,  essential  that  this  rate 
of  change  be  determined  for  each  individual  turbine  by  actual  test. 

64  In  the  purchase  of  steam  turbines,  operating  efficiency  and 
costs  should  be  considered  together  with  first  cost,  and  the  machine 
selected  should  be  the  one  on  which  the  ultimate  operating  and 
fixed  charges  are  a  minimum.  This  practice  is  followed  in  Europe. 
In  America  the  bargain-counter  idea  unfortunately  possesses  many 
engineers,  and  manufacturers  have  frequently  been  forced  to  sacrifice 
efficiency  in  order  to  meet  competition. 

65  In  Table  1  some  data  are  presented  in  tabulated  form  regard- 
ing various  types  of  steam  turbines.  This  information  was  gathered 
during  personal  visits  to  the  various  works  and  also  by  correspond- 
ence. Designs  of  steam  turbine  details  are  constantly  changing,  so 
that  many  of  the  items  in  this  table  may  not  correctly  represent  the 
latest  practice  of  the  various  builders. 

RESULTS    OF   TESTS 

66  The  efficiency  of  a  steam  turbine  may  be  expressed  in  terms 
of  pounds  of  steam  per  kw-hr.,  as  an  efficiency  ratio  or  as  the  b.t.u. 
required  per  kw-hr. 

67  The  steam  consumption  is  dependent  on  the  initial  steam 
pressure,  its  temperature  or  quafity,  and  the  condenser  pressure. 
These  factors  vary  in  almost  every  test  and  the  effect  of  a  variation 
in  each  is  not  the  same  for  all  classes  of  turbines.  Hence,  different 
turbines  cannot  usually  be  compared  satisfactorily  on  the  basis  of 
their  steam  consumption  alone. 

68  If  the  steam  could  expand  freely  to  exhaust  pressure  in  a 
turbine  without  radiation,  friction,  eddy  or  windage  losses,  its 
expansion  would  be  adiabatic  and  on  the  Rankine  cycle.  The 
"efficiency  ratio"  expresses  the  proportion  of  the  heat  actually 
turned  into  work  to  that  available  from  such  an  adiabatic  expan- 
sion. In  other  words,  it  expresses  the  efficiency  of  the  actual  turbine 
as  compared  to  the  ideal  turbine,  and  is  independent  of  the  type  of 
turbine. 

69  The  b.t.u.  per  kw-hr.  is  figured  above  the  heat  of  the  liquid 
at  exhaust  pressure.    This  is  not  a  satisfactory  standard  by  which 
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710     PRESENT  STATE  OF  DEVELOPMENT  OF  LARGE  STEAM  TURBINES 

to  compare  results,  for  it  is  largely  dependent  on  conditions  beyond 
the  control  of  the  turbine  builder.  For  instance,  if  the  plant  does 
not  contain  superlieaters,  the  b.t.u.  per  kw-hr.  will  be  high.  The 
same  will  be  true  of  a  plant  which  has  a  warm  cooling-water  supply 
for  condensers  and  consequently  carries  low  vacuum.  Yet  the  tur- 
bines may  be  designed  to  give  a  high  efficiency  ratio  under  these 
conditions.  In  fact,  they  may  be  able  to  utilize  the  heat  available^ 
more  eflficiently  than  the  turbines  in  another  plant  with  both  high 
superheat  and  high  vacuum. 

70  This  can  be  seen  in  Table  2,  in  which  recent  turbine  tests 
have  been  tabulated.  The  Brown-Bo veri  turbine  at  the  Dunstan 
power  plant  uses  14,980  b.t.u.  per  kw-hr.  with  an  efficiency  ratio  of 
68.8  per  cent.  Yet  the  Westinghouse  City  Electric  with  a  lower 
steam  pressure,  lower  superheat  and  lower  vacuum,  has  an  efficiency 
ratio  of  68.9  per  cent,  though  using  16,925  b.t.u.  per  kw-hr.  The 
Erste  Briinner  Vienna  turbine  requires  16,460  b.t.u.  per  kw-hr. 
with  71.8  per  cent  efficiency  ratio.  It  is  therefore  apparent  that  the 
efficiency  ratio  alone  will  express  in  the  best  mann(n-  the  degree  to 
which  the  designer  has  approached  ideal  results  in  his'  turbine. 

71  The  test  results  in  Table  2  were  grouped  in  order  to  analyze 
the  relative  merits  of  the  different  types  of  turbines  on  the  basis  of 
efficiency  ratios.  The  Curtis-Parsons  machines  built  by  Erste 
Briinner  hold  first  place  in  the  list,  Imt  are  followed  closely  by  others 
of  the  same  type  built  by  Brown  Boveri  and  Westinghouse  Machine 
Company.  The  Parsons  turbines  built  by  AUis-Chalmers  and  Brown 
Boveri  also  show  high  efficiencies.  The  second  class  in  the  order  of 
efficiency  includes  turbines  of  the  Curtis-Rateau  and  Curtis-Zoelly 
types,  among  which  the  turbines  of  the  A.  E.  G.  and  British  West- 
inghouse Company  show  remarkably  good  results.  The  next  group 
includes  simple  Zoelly  and  Rateau  turbines.  The  last  group 
comprises  straight  Curtis  types. 

72  The  superiority  of  the  Curtis-Parsons  over  the  Parsons  type 
is  probably  due  to  the  reduction  in  the  ffiiid  friction  and  rotational 
losses  occuniiig  in  the  first  cyUndcr  of  the  Parsons  by  the  use  of  a 
('urtis  stage  in  this  section. 

73  The  Parsons  low-pressure  sections  evidently  utilize  the  heat 
in  the  steam  only  slightly  more  efficiently  than  do  the  impulse  tur- 
bines. The  great  surface  areas  of  all  disk  type  turbines  which  must 
be  whirled  in  steam,  produces  losses  which  are  apparently  somewhat 
larger  than  the  combined  whirling  losses  and  leakage  in  the  Parsons 
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drum  turbines.  Both  the  Zoelly  and  Curtis-Rateau  types  appear  to 
use  the  steam  more  effectively  in  the  low-pressure  sections  than  the 
Curtis  alone.  Many  European  engineers  hold  the  opinion  that 
where  high  economy  is  to  be  obtained,  the  impulse  turbine  of  the 
Rateau  or  Zoelly  type  is  superior  to  the  Curtis,  though  its  manu- 
facturing costs  are  higher.  The  Curtis-Rateau  construction  has  all 
the  commendable  features  of  impulse  turbines  and  has  proved  very 
economical. 

74  The  results  shown  in  Table  2  are  from  the  best  reliable  tests 
that  have  been  made  on  each  type.  Objection  may  be  raised  that 
these  results  do  not  represent  actual  operating  conditions  as  under 
varying  loads,  nor  the  average  economy  of  any  type  of  turbine. 
For  instance,  the  Curtis  turbine  usually  gives  a  very  flat  water-rate 
curve,  while  the  Parsons  type  is  more  convex.  On  the  other  hand, 
recent  tests  on  the  new  Curtis-Parsons  types  have  also  shown  flat 
water-rate  curves  at  various  loads.  It  was  impossible  to  compare 
the  various  types  from  this  standpoint  on  account  of  absence  of 
complete  data  of  such  tests. 

75  It  is  interesting  to  note  in  Table  2  that  the  best  results  have 
been  obtained  within  the  past  two  years  and  that  these  show  a  con- 
siderable increase  in  efficiency  over  the  earlier  turbines. 

LOW    AND    MIXED-PRESSURE   TURBINES 

76  One  of  the  first  low-pressure  turbines  installed  was  described 
by  Professor  Rateau  in  his  paper  on  Different  Applications  of  Steam 
Turbines.^  The  exhaust  steam  from  various  non-condensing  recip- 
rocating engines  around  mines  was  conducted  to  a  regenerator,  from 
which  the  turbine  drew  its  steam  supply. 

77  Many  low-pressure  turbines  have  been  erected  since  1904 
and  have  shown  very  economical  results.  In  some  installations  it  is 
usual  to  provide  for  operation  on  high-pressure  steam  when  the 
supply  of  exhaust  steam  is  insufficient  to  meet  the  power  demand. 
Hence,  the  mixed  pressure  turbine  has  been  developed.  In  Europe 
a  Curtis  stage  is  added  at  the  inlet  and  the  live  steam  passed  through 
this  before  entering  the  low-pressure  section.  The  whole  of  the 
heat  content  of  the  live  steam  can  be  effectively  utilized  by  this 
method.  Bleeder  turbines  are  also  being  built,  in  which,  after  par- 
tial expansion  to  some  fixed  pressure,  a  portion  of  the  steam  is  with- 
drawn from  the  casing  for  heating  or  industrial  purposes. 

•  Trans.  Am.  Soc.  M.  E.,  vol.  25,  p.  782. 
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714     PRESENT  STATE  OF  DEVELOPMENT  OF  LARGE  STEAM  TURBINES 

78  Low-pressure  turbines  are  frequently  installed  to  use  the 
exhaust  steam  of  reciprocating  engines  without  regenerators.  In  this 
case  the  generators  are  sometimes  tied  together  electrically  and  the 
turbines  are  only  fitted  with  an  overspeed  governor.  Messrs.  Stott 
and  Pigott  showed  the  results  that  could  be  obtained  from  such  a 
combination  in  their  paper,  Test  of  a  15,000-Kw.  Steam-Engine- 
Turbine  Unit.^  Such  turbines  are  usually  installed  in  stationary 
work,  only  when  the  reciprocating .  engines  are  already  in  service. 
The  high-pressure  turbine  in  a  new  plant  requires  less  floor  space, 
has  less  complicated  machinery,  is  cheaper  in  first  cost  and  in  main- 
tenance, and  approaches,  if  it  does  not  equal,  the  economy  to  be 
derived  from  the  combination  unit  in  every-day  service.  Neverthe- 
less, there  have  been  a  number  of  combined  engine  and  turbuir 
plants  recently  installed  in  England  which  have  proved  very  satis- 
factory. 

79  It  is  probable  that  low-pressure  turbines  will  be  installed  in 
the  near  future  in  large  gas  engine  stations  to  utilize  the  waste  hejit 
in  the  gas  engine  exhausts. 

TURBO-COMPRESSORS 

80  Turbo-compressors  have  some  decided  advantages  over  re- 
ciprocating compressors,  such  as  smaller  floor  space,  absence  of  inlet 
and  discharge  valves,  low  cost  of  upkeep  and  no  intern;d  lubrication. 
They  are  being  manufactured  quite  extensively  in  Eur(jpe  and  have 
been  introduced  in  America  by  the  General  Electric  Company,  one 
of  whose  turbines  was  described  by  Mr.  R.  H.  Rice  in  his  paper, 
Commercial  Application  of  the  Turbine  Turbo-Compressor,^  read  at 
the  Pittsburgh  meeting  of  the  Society. 

81  Turbo-compressors  iire  built  either  with  curved  or  radial  im- 
peller blades  which  discharge  the  air  into  smooth  expanding  diftusor 
channels  to  convert  the  velocity  energy  of  the  current  into  pressure. 
Usually  guides  are  provided  to  direct  the  air  into  the  entrance  of 
the  next  stage  without  eddies.  All  passages  are  made  as  smooth  as 
possible  with  no  abrupt  bends  or  turns,  and  all  walls  are  water- 
(!()oled.  The  air  is  prevented  from  leaking  back  from  stage  to  stage 
b}^  labyrinth  packings  such  as  are  used  in  impulse  turbines. 

82  European  builders  have  installed  turbines  to  deliver  air  at  as 
high  pressures  as  180  lb.  per  s(|.  in.  gage  and  are  prepared  to  furnish 
them  up  to  180  lb.  discharge|pressure. 

1  Trans.  Am.  Soc  M.  E.,  vol.  32,  p.  69. 

2  The  Journal  Am.  Soc.  M.  E.,  March  1911,  p.  301. 
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83  Turbo-blowers  have  also  been  built  to  deliver  large  volumes 
of  air  at  low  pressure,  such  as  are  required  in  furnace  work.  These 
units  have  no  water-cooled  jackets.  The  first  difficult  problem  en- 
countered in  the  construction  of  turbo-blowers  or  compressors  was 
the  provision  of  a  suitable  governing  device  for  the  unit.  However, 
several  ingenious  and  satisfactory  arrangements  have  recently  been 
developed  and  it  is  probable  that  this  difficulty  will  soon  be  over- 
come completely. 

84  The  efficiency  of  turbo-compressors  with  water-cooling  is 
defined  as  the  ratio  of  the  power  required  to  compress  the  given 
(luantity  of  gas  isothermally  to  the  power  consumed  at  the  com- 
pressor coupling  in  the  actual  compression.  This  efficiency  in  well 
designed  units  with  discharge  pressures  between  60  and  150  lb. 
should  fall  within  the  limits  of  60  and  70  per  cent.  The  best  results 
noted  up  to  the  present  time  were  obtained  on  a  turbo-compressor 
built  by  Pokorny  and  Wittekind  for  the  Victoria  Falls  Power  Com- 
pany in  South  Africa,  which  on  official  test  showed  an  efficiency  of 
67.7  per  cent. 

85  When  there  is  no  water-cooling  provided,  the  efficiency  of  a 
turbo-blower  is  expressed  as  the  ratio  of  the  power  required  to  com- 
press the  given  quantity  of  air  adiabatically  to  the  power  actually 
expended  at  the  compressor  coupling.  This  efficiency,  depending 
on  the  size  of  the  blower,  should  fall  between  70  and  80  per  cent  as 
a  maximum.  An  efficiency  of  78  per  cent  has  been  obtained  on 
official  tests  of  a  Rateau  turbo-blower  built  by  Kuhnle,  Kopp  and 
Kausch  and  is  probably  the  best  result  obtained  up  to  the  present 
time  on  this  type  of  compressor. 

86  It  can  thus  be  seen  that  in  so  far  as  efficiency  is  concerned, 
the  turbo-compressor  is  equal  to  the  average  reciprocating  com- 
pressor. It  seems  probable  that  turbo-compressors  and  blowers  will 
be  used  to  an  increasing  extent,  largely  on  account  of  their  low  first 
cost  and  operating  costs  as  compared  with  steam  reciprocating  units. 

87  The  high  thermal  efficiency  of  the  gas-driven  blowing  engine 
exceeds  that  possible  in  a  turbo-compressor  unit,  so  that  the  former 
will  continue  to  be  used  in  blast-furnace  work. 

TURBO-DRIVEN    PUMPS 

88  The  steam  turbine  is  an  ideal  source  of  power  to  drive  cen- 
trifugal^pumps,  especially  when  it  is  necessary  to  lift  against  high 
heads.  Hence  it  has  been  installed  in  several  places  for  city  fire 
service,   using  lake  or  river  water  in  high-pressure  mains.     The 
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pfficiency  of  such  centrifugal  pumps  usually  ranges  from  65  to  80 
per  cent,  so  that,  in  spite  of  the  high  efficiency  of  the  turbine  itself, 
the  combined  set  will  not  give  as  good  economy  as  a  high  grade 
reciprocating  pumping  engine.  However,  its  first  cost  is  low,  it 
requires  no  internal  lubrication,  takes  up  very  little  floor  space,  and 
has  no  valves  to  require  examination  or  renewals. 

GEARED    TURBINES 

89  Attempts  have  been  made  to  adopt  steam  turbiiH>s  for  direct 
connection  to  continuous  current  generators  and  other  slow-speed 
machinery.  A  steam  turbine  to  be  economical  must  be  a  high-speed 
machine,  and  hence  its  use  with  slow-speed  machinery  has  not 
proved  entirely  satisfactory.  Dr.  De  Laval  adopted  spur  gearing  as 
a  means  of  reducing  speeds  on  his  first  simple  impulse  turbines,  and 
builders  of  this  type  still  use  this  construction.  It  is  only  within  the 
last  few  years  that  attempts  have  been  made  to  apply  gearing  as  a 
means  of  speed  reduction  on  other  types  of  turbines.  The  Westing- 
house  Machine  Company  are  now  manufacturing  direct-current 
turbo-generators  with  the  Melville-MacAlpine  reduction  gearing  be- 
tween turbine  and  generator.  This  gear  is  also  being  built  for  use 
in  marine  work  to  drive  slow-speed  propellers.  The  gear  wheels  in 
this  construction  are  carried  on  a  floating  frame  so  that  the  teeth 
may  be  always  in  correct  alignment.  One  set  of  such  gearing  showed 
under  test  an  efficiency  of  98.5  per  cent. 

90  C.  A.  Parsons  &  Co.  have  built  several  notable  reduction 
gears  for  steam  turbines,  in  which  the  floating  frame  idea  was 
omitted.  A  mixed  pressure  steam  turbine  of  750  b.h.p.  is  now  in 
use  driving  a  three  high  set  of  rolls  through  gearing  at  the  Calder- 
bank  Steel  Works  near  Glasgow,  Scotland.  A  flywheel  is  placed  on 
the  same  shaft  as  the  driven  gear  and  thus  takes  the  shock  off  the 
turbine  when  a  billet  enters  the  rolls.  In  1909  the  Parsons  Marine 
Steam  Turbine  Company  installed  a  geared  turbine  of  1000  h.p.  in 
the  S.  S.  Vespasian  of  4000  tons.  Extensive  experiments  were  car- 
ried out  and  it  was  found  that  the  efficiency  of  this  gearing,  which 
had  no  floating  frame,  ranged  between  98  and  99  per  cent.  After 
a  year's  operation,  in  which  the  ship  covered  20,000  miles,  tests  were 
again  made  on  the  gearing  with  equally  good  results.  On  examina- 
tion no  appreciable  signs  of  wear  could  be  noted  on  the  gear  teeth, 
which  were  made  of  mild  chrome  nickel  steel  and  were  flooded  with 
oil. 
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91  It  is  perfectly  feasible  to  adopt  the  steam  turbine  through 
gearing  to  belt  and  rope  drives  when  these  are  required  in  large 
powers.  Under  certain  conditions,  where  fuel  costs  are  high  and 
water  for  condensation  is  plentiful,  such  an  installation  would  prove 
an  economical  investment  in  place  of  reciprocating  engines.  The 
direct  turbine  drive  would  then  come  into  competition  with  the 
motor  drive.  The  losses  in  lineshafting  can  be  greatly  reduced  by 
the  use  of  ball  or  roller  bearings  so  that  the  turbine  drive  may  prove 
very  economical  in  some  instances  as  compared  with  individual 
motor  drives. 

92  The  use  of  geared  turbines  in  large  sizes  has  been  in  the 
nature  of  an  experiment  until  quite  recently.  Judging  from  the 
results  obtained  in  recent  installations,  their  commercial  success 
seems  now  assured.  In  the  design  of  these  units  the  tendency  will 
he  to  simplify  details.  The  success  of  the  Parsons  gears  on  the  S.  S. 
Vespasian  should  encourage  designers  to  do  away  with  any  special 
devices  to  secure  alignment  and  to  provide  simply  accurately 
cut  gears  properly  meshed  and  running  in  a  flood  of  oil. 

MARINE    TURBINES 

93  All  the  standard  types  of  turbines  have  now  been  adopted  for 
marine  service  in  driving  screw  propellers,  either  direct-connected  or 
through  gearing.  The  design  of  direct-connected  turbines  is  com- 
plicated by  the  fact  that  the  speed  of  screw  propellers  must  neces- 
sarily be  low  as  compared  with  the  most  favorable  speeds  for  eco- 
nomical steam-turbine  operation.  Hence  these  turbines  require  large 
spindle  diameters  and  massive  construction  and  yield  correspond- 
ingly poor  steam  economies,  especially  at  slow  speeds.  These  units 
are  usually  built  with  the  power  divided  between  two  or  more  shafts 
connected  to  high  and  low-pressure  cylinders.  With  geared  equip- 
ments the  turbines  can  be  operated  at  their  most  efficient  speeds, 
while  the  gears  can  be  so  designed  that  the  propeller  also  runs  at  its 
most  economical  speed. 

94  Reversing  is  made  possible  by  suitable  blading  in  the  low- 
pressure  ends  of  the  main  units  into  which  live  steam  is  admitted 
when  desired.  When  the  turbine  is  running  forward,  this  blading 
revolves  in  vacuum  and  consumes  but  little  power, 

95  Combined  types  of  turbines  are  also  being  introduced  in 
marine  installations.  A  recent  Curtis  design  includes  a  drum  im- 
pulse section.  M.  Zoelly  now  uses  Curtis  stages  in  his  high-pressure 
section,  but  with  steam  velocities  not  exceeding  1300  ft.  per  sec, 
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obtained  by  convcrgins  iiozzl(\s  only,  and  drum  impulse  construc- 
tion on  the  low-pressure  ends.  Several  other  European  builders  have 
also  used  Curtis  stages  in  the  high-pressure  portion, 

96  Reciprocating  engines  (>xhausting  into  low-pressure  turbines 
have  been  installed  in  several  ships,  the  most  notable  of  which  is 
the  Olympic,  and  have  shown  very  satisfactory  results.  In  this 
case  the  engines  are  used  for  reversing. 

97  Many  schemes  have  been  proposed  to  install  turbo-generators 
of  central  station  type  on  shipboard  and  to  operate  the  propeller 
shafts  by  means  of  large  slow-speed  induction  motors.  Marine  en- 
gineers object  to  this  arrangement  on  account  of  the  dangers  accom- 
panying the  use  of  such  electrical  machinery  and  auxiliaries  in 
marine  service.  This  objection  seems  to  be  due  largely  to  inexperi- 
ence with  electrical  machinery,  as  the  essential  conditions  of  opera- 
tion in  marine  work  do  not  differ  greatly  from  those  under  which 
many  electrical  machines  operate  satisfactorily  in  land  practice. 

98  Turbo-driven  lighting  sets  and  other  auxiliaries  are  being 
used  in  increasing  numbers  on  shipboard,  owing  largely  to  the  high 
efficiencies  which  may  be  obtained,  to  the  small  floor  space  required, 
and  to  the  light  weight  of  the  units. 

99  Recent  orders  for  turbine-driven  steamships  abroad  include 
some  interesting  equipments.  The  Canadian  Pacific  Railway  has 
ordered  two  boats  with  four  screws  and  with  Parsons  turbines.  The 
two  outside  screws  will  have  high  and  intermediate  pressure  turbines 
respectively,  while  the  two  center  screws  will  be  connected  to  low- 
pressure  turbines.  Two  twin-screw  passenger  boats  of  5000  h.p. 
with  Parsons  turbines  have  been  ordered  for  the  Southampton- 
Havre  service.  Each  set  consists  of  a  high-pressure  and  a  low- 
pressure  turbine  geared  individually  to  its  own  propeller  shaft.  The 
British  Government  has  ordered  two  twin-screw  destroyers  also  to 
use  Parsons  geared  turbines,  totalling  14,000  h.p.  per  ship,  or  7000 
h.p.  per  gear.  The  United  States  Government  has  placed  an  order 
with  the  Westinghouse  Machine  Company  for  a  gear  equipment  on 
one  of  its  colliers. 

100  Geared  turbine  equipments  are  thus  making  rapid  headway 
on  account  of  the  high  efficiency  of  the  combination  and  the  resultant 
favorable  steam  consumption  obtained. 

101  At  the  present  time  about  90  per  cent  of  the  marine  turbines 
built  have  been  of  the  Parsons  type.  Here  again  the  inefficiency  of 
the  Parsons  high-pressure  sections  has  become  apparent,  so  that  it 
is  probable  that  a  construction  similar  to  Zoelly's  high-pressure  end 
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will  be  introduciMl  in  this  section.  Sir  Cluirles  A.  Parsons  is  quoted 
as  saying:  "In  the  low-pressure  blades  of  the  Mauretania  the  leak- 
age was  practically  nothing  and  their  efficiency  was  about  85  per 
cent."  '  Under  such  conditions  it  does  not  seem  probable  that  much 
higher  efficiency  can  be  obtained  by  use  of  other  constructions  than 
the  Parsons  reaction  type  in  the  low-pressure  section.  It  is  reported 
that  the  low-pressure  blading  of  Parsons  turbines  in  ships  of  the 
United  States  Navy  has  given  considerable  trouble,  and  also  that 
the  turbines  need  more  careful  handling  when  starting  up  than  do 
impulse  turbines. 

TREND  OF  TURBINE  DEVELOPMENT 

102  The  cost  of  manufacture  is  a  very  important  item  in  deter- 
mining the  future  development  of  the  steam  turbine.  Types  such  as 
the  original  Parsons  and  the  Rateau,  while  inherently  of  very  high 
efficiency,  have  too  high  manufacturing  costs  to  compete  with  the 
newer  combined  types. 

103  The  WTiter  offers  as  his  opinion  that  the  combined  types, 
such  as  the  Curtis-Parsons,  the  Curtis-Rateau  and  also  the  Curtis- 
Rateau-Parsons,  previously  described,  will  very  soon  supersede  the 
simple  types.  It  is  probable  that  the  Curtis  turbine  will  eventually 
be  built  only  in  horizontal  units  and  will  gradually  be  modified  to  a 
Rateau  or  even  a  drum  impulse  construction  in  the  low-pressure 
sections.  The  freedom  from  close  adjustment  in  impulse  turbines 
and  the  recent  improvements  in  blading  materials  will  greatly  in- 
crease the  use  of  this  type,  although  Curtis-Parsons  turbines  are  said 
to  be  cheaper  to  manufacture.  In  actual  operation,  it  is  an  open 
question  among  engineers  whether  the  reaction  turbine  has  a  higher 
commercial  efficiency  than  the  impulse  type,  and  hence  buyers 
usually  consider  first  cost  and  personal  preference  only. 

104  Turbines  will  probably  be  made  shorter  with  very  stiff 
shafts.  With  this  construction  many  of  the  earlier  blading  troubles 
will  disappear.  But  the  peripheral  speeds  will  also  be  increased  and 
this  will  involve  the  development  of  suitable  blading  material  and 
methods  of  holding  blades  that  will  satisfy  these  new  requirements. 
Recent  results  seem  to  indicate  that  improved  efficiency  may  be 
looked  for  with  increased  blade  speeds. 

105  Several  impulse  turbines  have  been  built  recently  in  Europe 
where  the  expansion  was  not  complete  in  the  nozzle,  so  that  a  por- 
tion of  the  expansion  took  place  in  the  first  moving  blades.    Some 
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large  Curtis  turbines  recently  installed  in  America  are  said  to  have 
Parsoiis  blading  in  the  last  stage.  These  developments  would  in- 
dicate a  movement  to  introduce  reaction  principles  in  impulse  tur- 
bines, and  further  illustrate  the  t(nidency  to  merge  types. 

106  The  hope  of  further  improvement  in  efficiency  lies  in  exten- 
sive study,  particularly  of  the  action  of  the  steam  during  its  passage 
through  the  moving  and  stationary  blades,  of  the  effect  of  form  of 
blades,  passages  and  casings  and  of  various  forms  of  baffles  and 
balance  pistons  to  prevent  leakage.  Such  research  work  has  not 
been  carried  out  up  to  the  present  time  by  most  manufacturers, 
largely  on  account  of  the  extreme  care  and  heavy  expense  involved 
in  such  tests.  The  present  state  of  development  has  been  largely 
one  of  cut  and  try.  The  increasing  competition  of  the  gas  engine 
and  the  possible  development  of  a  satisfactory  gas  turbine  will  force 
manufacturers  to  develop  their  turbines  to  the  greatest  degree  of 
economy. 

107  Witli  regard  to  detail,  simplicity  will  be  the  leading  con- 
sideration. With  the  introduction  of  Curtis  high-pressure  stages, 
nozzle  governing  will  undoubtedly  be  used  to  an  increasing  extent, 
though  the  results  obtained  by  Westinghouse,  by  Zoelly,  and  by 
Bergmann  with  simple  throttling  governors,  raise  a  question  as  to 
whether  the  additional  complication  of  nozzle  governing  will  pay. 
Oil  relays  will  probably  replace  all  other  systems  of  governing  on 
account  of  their  simplicity  and  reliability.  The  simple  and  efficient 
centrifugal  oil  pump  governor  of  Sulzer  appears  to  be  an  improve- 
ment of  considerable  moment,  and  will  probably  receive  extensive 
use. 

108  With  the  development  of  suitable  gearing  for  steam  tur- 
l)ines,  their  field  of  application  has  been  greatly  increased  and  tur- 
bines will  shortly  be  used  for  purposes  which  engineers  today  would 
(consider  them  utterly  unfit.  Low-pressure  turbines  will  continue 
to  be  installed  in  plants  where  reciprocating  engines  are  still  in 
operation  and  also  where  large  quantities  of  waste  heat  are  available. 
The  low  and  mixed  pressure  types  of  turbines  will  find  a  very  ex- 
tended use  in  connection  with  heating  systems,  evaporators,  etc. 

109  The  development  of  the  past  ten  years  has  been  truly  mar- 
vellous. No  great  gain  in  thermal  efficiency  seems  possible,  so  that 
future  improvements  will  be  largely  along  the  line  of  detail  con- 
struction and  modification. 

110  The  addresses  of  the  firms  referred  to  in  Table  1  are  as  follows:  C.  A. 
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Parsons  &  Co.,  Newcastle,  England;  Westinghouse  Machine  Co.,  East  Pitts- 
burgh, Pa.;  Willan.s  &  Robinson,  Rugby,  England;  Brown  Boveri  &  Co.,  Baden, 
Switzerland;  Richardsons  Westgarth  &  Co.,  Hartlepool,  England;  Brush  Elec- 
trical Engineering  Co.,  Loughborough,  England;  Erste  Briinner,  Briinn,  Austria; 
Franco  Tosi,  Legnauo,  Italy;  Gebriider  Suizcr,  Winterthur,  Switzerland;  Melms 
&  Pfenninger,  Munich,  Germany;  Breitfeld  Danek  &  Co.,  Prague,  Austria;  Allis- 
Chalmers  Co.,  Milwaukee,  Wis.;  Allegemeine  Electricitjits  Gesellschaft,  Berlin, 
Germany;  Maschinenfabrik  Augsburg  Nin-nburg,  Niirnburg,  Germany;  British 
\Nestinghouse  Co.,  Manchester,  England;  Bergmann  Electricitiits  Werke,  B(Tlin, 
Germany;  Belliss  &  Morconi,  Birmingham,  England;  Escher  Wyss  &  Co.,  Zurich, 
Switzerland;  Maschinenfabrik  Oerlikon,  Oerlikon,  Switzerland;  Sachsische 
Maschinenfabrik,  Chemnitz,  Germany;  Frazer  &  Chalmers,  Erith,  England; 
Pokorny  &  Wittekind,  Frankfort-Bockenheim,  Germany;  General  Electric  Co., 
Schenectady,  N.  Y.;  British  Thomson  Houston  Co.,  Rugby,  England. 

The  writer  wi.shes  to  express  his  thanks  to  manufacturers  of  steam  tui-bines 
in  America  and  in  Europe,  who  liberally  provided  him  with  the  information 
on  which  this  paper  is  based,  both  during  personal  visits  to  their  works  and  by 
correspond  en  ce. 
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By  Thos.  R.  Weymouth 

ABSTRACT  OF  PAPER 

In  the  production  and  transportation  of  natural  gas  many  problems  are  en- 
countered requiring  special  applications  of  engineering  principles.  It  is  the 
purpose  of  this  paper  to  point  out  the  most  important  of  these  and  to  outhne  the 
methods  of  solution.  A  brief  discussion  is  given  of  the  properties  of  natural  gas, 
including  a  table  of  analyses  of  gases  produced  in  the  principal  gas  fields  of  the 
United  States,  together  with  a  formula  connecting  the  heating  value  of  the 
natural  gas  with  its  specific  gravity.  This  is  followed  by  the  development  of  the 
original  formulae  for  the  flow  of  gas  in  pipe  lines,  the  power  required  for  com- 
pression and  the  storage  capacity  of  lines,  and  examples  are  worked  out  showing 
the  general  method  of  design  of  a  transmission  system. 
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By  Thos.  R.  Weymouth,  Oil  City,  Pa. 

Member  of  the  Society 

The  extensive  increase  in  the  production  and  distribution  of 
natural  gas  in  recent  years  has  given  rise  to  engineering  problems 
of  more  or  less  unique  interest.  For  a  considerable  period  after 
natural  gas  had  become  an  important  factor  in  industrial  life  it  was 
handled  almost  entirely  by  rule  of  thumb  methods,  but  with  the 
advent  of  large  compressing  stations  and  the  enforced  realization 
that  the  gas  supply  is  not  by  any  means  unlimited,  the  application 
of  engineering  principles  became  essential,  not  only  to  secure  greater 
economy,  but  also  to  cope  successfully  with  the  growing  complexity 
of  the  problems  encountered.  The  object  of  this  paper  is  to  present 
the  most  important  of  these  problems  and  to  outline  the  methods 
used  in  solving  them.  First,  however,  it  is  believed  that  a  brief  ac- 
count of  the  characteristics  of  natural  gas  as  it  is  found  in  America, 
will  not  be  out  of  place. 

PROPERTIES    OF   NATURAL    GAS 

2  Origin  and  Composition.  Natural  gas  and  petroleum  are 
closely  related  and  it  is  generally  believed  that  they  were  generated 
in  the  earth  by  one  and  the  same  process.  What  this  process  is,  or 
may  have  been,  is  a  question  of  pure  speculation  among  scientists, 
two  principal  theories  having  been  advanced  to  explain  it,  both 
based  upon  geological  observations. 

3  The  first  hypothesis,  the  so-called  chemical,  or  inorganic 
theory,  holds  that  the  gas  is  constantly  being  formed  by  the  action 
of  water  on  the  carbides  of  different  metals  in  the  far  inner  regions 
of  the  earth,  thus  producing  the  hydrocarbons  forming  the  principal 
constituents  of  natural  gas.  These  hydrocarbons  are  then  forced 
outwards  toward  the  earth's  surface  by  the  high  pressures  generated 
until  they  finally  lodge  in  the  porous  rocks  in  which  we  now  find  them. 
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4  The  second,  or  organic  theory,  maintains  that  the  hydro- 
carbons were  formed  by  the  partial  decomposition  under  water,  of 
animal  or  vegetable  matter  in  the  rock  strata  where  the  gas  is  now 
found. 

5  There  are  many  arguments  in  support  of  each  tiieory,  as  it  is 
known  that  hydrocarbons  can  be  produced  by  either  of  the  methods 
suggested.  This  being  so,  it  seems  reasonable  to  suppose  that  both 
agencies  were  at  work  and  that  each  may  claim  its  share  of  the 
credit  for  the  production  of  the  vast  quantities  of  gas  obtained 
throughout  the  world. 

6  By  whatever  manner  produced,  however,  the  fact  remains  that 
hydrocarbons  form  the  principal  constituents  of  natural  gas  as 
found  in  America,  although  other  gases  are  present  in  widely  vary- 
ing, but  relatively  small  proportions. 

7  The  analyses  of  gases  found  in  pools  covering  practically  the 
whole  productive  area  of  the  United  States  are  given  in  Table  1, 
which  was  compiled  from  various  sources,  the  principal  of  which 
were  the  reports  of  the  Geological  Surveys  of  West  Virginia,  Vol. 
1-a,  1904,  and  of  Kansas,  Vol.  9.  These  reports  give  very  complete 
discussions  of  the  theories  mentioned,  and  describe  in  detail  what 
the  author  believes  to  be  the  most  reliable  analytical  work  done  on 
natural  gas,  namely,  that  of  Prof.  F.  C.  Phillips  on  Pennsylvania 
Natural  Gas,  in  1887,  and  that  of  Cady  and  McFarland  on  the  Gases 
of  Kansas,  in  1906. 

8  The  table  shows  what  an  apparent  lack  of  uniformity  exists  in 
the  constitution  of  natural  gas  from  different  fields;  but  the  most 
noticeable  feature  is  the  great  preponderance  of  hydrocarbons, 
especially  of  the  methane,  or  paraffin  series.  This  group  has  the 
general  chemical  formula  CnH2n+2,  its  chief  member  being  methane, 
or  marsh  gas  (CH4).  Methane  occurs  in  all  natural  gas  in  propor- 
tions varying  from  about  14  per  cent  up  to  97  per  cent.  It  possesses 
high  heating  value  but  has  practically  no  illuminating  properties. 

9  The  se(;ond  member  of  the  series,  ethane  (C2H6),  occurs  in  per- 
centages ranging  from  0  up  to  40  or  more.  This  gas  is  of  much 
higher  fuel  value  than  methane,  is  considerably  heavier,  and  pos- 
sesses greater  illuminating  properties.  Thus  the  heating  value, 
specific  gravity,  and  illuminating  value  of  the  gas  in  which  it  occurs 
are  all  raised  by  the  presence  of  ethane. 

10  The  higher  members  of  this  series,  propane  (CsHg)  and  butane 
(C4H10),  are  present  in  dry  gas  only  in  minute  quantities,  if  at  all, 
and  they  are  consequently  of  small  importance. 
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11  Of  the  olefino  series,  or  so-called  "illuminants."  having  the 
jj;eneral  formula  CnH-jn,  the  onlj^  member  present  in  measureable 
quantity  is  the  leading  one  of  the  group,  ethylene  (C2H4),  and  this 
only  in  a  fraction  of  1  per  cent. 

12  Carbon  monoxide  (CO)  is  occasionally  reported,  although  in 
such  small  proportion  as  to  add  very  little  to  the  fuel  value  of  the 
gas. 

13  Hydrogen  has  been  reported  in  many  analyses  of  natural  gas, 
but,  as  has  been  pointed  out  by  Philhps,  Cady  and  McFarland,  these 
indications  were  probably  due  to  erroneous  deductions  from  experi- 
mental results,  and  it  is  extremely  doubtful  if  free  hydrogen  is  ever 
present. 

14  Hydrogen  sulphide  (H2S)  is  found  in  the  natural  gas  from  a 
few  isolated  areas,  but  is  not  at  all  general.  Its  presence  is  indicated 
by  a  distinctive  odor.  At  most,  it  exists  in  but  a  small  fraction  of  1 
per  cent  and  is,  therefore,  relatively  unimportant. 

15  The  above  list  comprises  all  the  gases  ever  found  in  natural 
gas  that  contribute  to  its  heating  value,  and  it  will  be  seen  that  the 
only  ones  of  an}-  practical  importance  are  methane  and  ethane,  the 
first  two  members  of  the  paraffin  series.  • 

16  In  addition  to  the  above,  there  are  always  found  a  number  of 
inert  gases,  chief  of  which  is  nitrogen  (N),  which  ranges  in  propor- 
tion from  less  than  1  per  cent  to  almost  83  per  cent  in  the  various 
gases  shown  in  Table  1.  The  majority  of  natural  gases,  however, 
that  exist  in  any  considerable  quantity,  or  come  from  any  great 
depth,  seldom  exceed  10  per  cent  in  nitrogen  content,  and  usually 
range  from  4  to  7  per  cent.  Nitrogen  is  a  non-reactive,  elementary 
gas  that  acts  merely  as  a  diluent  of  the  natural  gas,  reducing  its  fuel 
value. 

17  Next  in  importance  is  carbonic  acid  gas  (CO2),  which  is  found 
in  proportions  ranging  from  0  up  to  about  4  per  cent.  It  acts  in  the 
same  manner  as  nitrogen,  by  reducing  the  effective  heating  value  of 
the  gas. 

18  Oxygen  has  frequently  been  reported  in  varying  quantities, 
but  the  probability  is  that  it  is  present  in  traces  only,  and  that  the 
apparent  high  percentages  sometimes  reported  were  due  to  the 
samples  having  become  contaminated  by  air. 

19  The  work  of  Cady  and  McFarland  has  shown  that  in  all 
probability  the  element  helium  is  a  constituent  of  nearly  all  natural 
gases,  together  with  other  members  of  the  argon  group.    Helium  was 
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found  in  the  Kansas  gases  in  percentages  as  high  as  1.8,  and  in  only 
one  case  of  all  the  gases  tested  was  none  found.  Inasniucli  as  no 
efifort  was  made  to  detect  this  gas  in  any  former  analyses,  it  is  prob- 
able that  it  was  present,  although  undetected,  since  it  was  usual  to 
consider  as  nit  rogen  all  residue  left  after  determining  the  other  gases 
present. 

20  From  the  above  it  will  be  seen  that  while  natural  gas  may 
contain  a  considerable  number  of  constituent  gases,  the  great  bulk 
of  it  is  composed  principally  of  but  four  or  five  of  any  importance. 

21  In  Table  1  the  gases  marked  with  an  asterisk  are  samples  that 
came  from  small  shallow  wells,  or  were  otherwise  abnormal,  and 
thus  cannot  be  considered  as  representative.  Excluding  these  from 
the  list  and  striking  an  average  of  those  remaining,  the  constitution 
of  what  may  be  termed  the  average  natural  gas,  after  slight  modi- 
fications in  accordaiK^e  with  the  above  discussion,  would  be  alDout 
as  in  Table  2. 

TABLE  2     CONSTITUTION  OF  THE  AVERAGE  NATURAL  GAS 

Methane  (CH4) 87 .00 

Ethane  (CaHe) 6.50 

Ethylene  (C2H4) 0.20 

Carbon  monoxide  (CO) 0.20 

Hydrogen  (Hj) trace 

Nitrogen  (N2) ' 5.50 

Carbon  dioxide  (CO2) 0. 50 

Helium  (He) 0. 10 

Oxygen  (O2) trace 

B.t.u.  per  cu.  ft.  at  29.82  in.  and  60  deg.  =  887.3. 
Specific  gravity  =0.6135. 

22  Heating  Value  of  Natural  Gas.  The  fuel  value  of  natural  gas 
depends  principally  upon  the  relative  proportions  present  of  methane, 
ethane,  and  the  inert  gases,  such  as  nitrogen  and  carbon  dioxide. 
The  only  satisfactory  manner  of  ascertaining  the  heating  value  is  by 
means  of  calorimetric  determinations,  but  as  very  few  of  these  were 
reported  with  the  analyses  shown  in  Table  1,  and  in  order  to  arrive 
at  some  comparative  idea  of  the  relative  fuel  values  of  the  various 
gases  listed,  column  14  is  given,  showing  the  b.t.u.  per  cu.  ft.  as 
computed  from  the  analyses.  In  making  calculations,  the  constants 
in  Table  3  were  used. 

23  In  the  discussion  of  properties  of  gases  it  is  necessary  to 
refer  all  \'olumes  to  some  definite  standards  of  pressure  and  tem- 
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perature.  The  standards  most  used  in  scientific  work  are  29.92  in. 
(760  mm.)  of  mercury,  corresponding  to  14.7  lb.  per  sq.  in.  for  the 
pressure  base,  and  32  deg.  fahr.  (0  deg.  cent.)  for  that  of  the  tem- 
perature, while  in  industritil  work  30  in.  of  mercury  and  (iO  deg. 
fahr.  are  largely  used.  Some  years  ago,  F.  H.  Oliphant,  geologist 
for  the  Standard  Oil  Comi^any,  publislied  a  handbook  on  natural 
gas,  in  which  he  established  the  pressure  base  of  14.65  lb.  per  sq. 
in.  absolute,  and  temperature  base  of  60  deg.  fahr.,  and  since  that 
time  it  has  l)een  customary  for  natural  gas  men  to  refer  their  meas- 
urements to  these  bases.  A  pressure  of  14.65  lb.  per  sq.  in.  is  4  oz. 
above  an  average  assumed  atmospheric  pressure  of  14.4  lb.,  the 
latter  being  the  average  at  about  the  elevation  of  the  Great  Lakes, 
which  elevation  was  considered  as  fairly  representing  that  of  most  of 

TABLE  3    HEATING  VALUE  AND  SPECIFIC  GRAVITY  OF  THE  GASES  FOUND 

IN  NATURAL    GAS 


Kind  of  Gas  Symbol 

Methane CH4 

Ethane CaHe 

Ethylene C2H4 

Carbon  monoxide CO 

Hydrogen H2 

Hydrogen  sulphide H2S 

Nitrogen N2 

Carbon  dioxide CO2 

Helium He 

Oxygen O2 

the  gas  fields.  Thus,  4-oz.  gas  is  the  generally  accepted  pressure 
unit  of  measurement  among  natural  gas  men  and  will  be  so  con- 
sidered throughout  this  paper.  Frequently  gas  is  bought  or  sold  on 
different  pressure  bases,  and  in  such  cases  the  corresponding  absolute 
pressures  are  determined  by  considering  atmospheric  pressure  as 
being  equal  to  14.4  lb.  per  sq.  in.,  as  for  instance,  a  10-oz.  selling 
base  corresponds  to  14.4+0.625  =  15.025  lb.  absolute. 

24  Conforming  with  this  usage,  therefore,  all  formulae,  heating 
values,  etc.,  throughout  this  paper  are  given  for  the  unit  of  measure- 
ment as  being  1  cu.  ft.  at  60  deg.  fahr.  and  14.65  lb.  per  sq.  in.  abso- 
lute (29.82  in.  of  mercury),  which  is  commonly  referred  to  as  "gas 
standard." 

25  It  will  Ije  noted  in  Table  1  that  the  heating  values  given  are 


Net  Heating 

Specific 

Value,  B.T.U. 

Gravity 

per  Cu.  Ft. 

Air  =  1.0 

897 

0.5529 

1694 

1.0368 

1471 

0.9676 

322 

0.9671 

271 

0.0692 

615 

1 . 1769 

0.9701 

1.5195 

0.1382 

1 . 1052 
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the  net  or  low  values.  Tn  publishing-  g,i\s  analyses  or  constants, 
many  writers,  in  faet,  most  of  th(>m,  give  the  high  values,  but  the 
author  believes  the  low  to  be  more  rational,  inasmuch  as  in  nearly 
all  uses  to  which  natural  gas  is  put  as  a  fuel,  it  is  impossible  to  re- 
cover th(>  latent  lu^at  of  vaporization  of  the  steam  formed  by  the 
combustion,  and  therc^fore  the  net  heating  values  give  a  more  truth- 
ful conception  of  the  actual  worth  of  the  gas  for  fuel  purposes. 

26  When  it  is  impossible  to  obtain  a  calorimetric  determination 
of  the  heating  value  of  a  particular  gas,  the  next  best  procedure  is 
to  compute  it  from  the  chemical  analysis  of  the  gas,  using  the  values 
shown  in  Table  3  for  the  heating  values  of  the  constituent  gases. 
This,  of  course,  is  done  by  multiplying  the  percentage  of  each  gas 
present  by  its  corresponding  heating  value  per  cubic  foot,  and  add- 
ing the  produ(^ts.  The  specific  gravity  is  obtained  by  computation 
in  precisely  the  same  manner.  Such  computed  results  are  necessarily 
su})ject  to  whatever  errors  there  may  be  in  the  analysis  of  the  gas, 
and  unless  this  has  been  done  with  great  care  and  precision,  a  wide 
discrepancy  may  exist  between  the  calculated  and  actual  values. 

27  It  is  oftentimes  desirable  to  gain  an  approximate  knowledge 
of  the  heating  value  of  a  gas  when  neither  a  calorimetric  determina- 
tion nor  a  chemical  analysis  is  available.  In  such  cases,  a  fair  "guess" 
may  be  made  from  a  determination  of  the  specific  gravity  of  the  gas, 
provided  it  is  known  to  be  a  normal  "dry"  gas  without  freakish 
tendencies.  The  specific  gravity  is  readily  determined  by  the 
effusion  method,  in  which  the  time  required  to  pass  a  given  quantity 
of  the  gas  through  a  pin-hole  orifice  in  a  thin  plate  under  a  given 
head,  or  pressure,  is  divided  by  the  time  required  to  pass  the  same 
quantity  of  air  through  the  same  orifice  and  under  the  same  pressure ; 
the  square  of  the  quotient  being  the  specific  gravity  of  the  gas, 
referred  to  air.  For  most  reliable  results  the  air  and  the  gas  should 
be  run  at  the  same  temperature,  to  avoid  the  necessity  of  a  correc- 
tion for  this  factor, 

28  An  approximate  formula  for  determining  the  heating  value 
from  the  specific  gravity  may  be  derived  from  the  following  considera- 
tions. In  the  analysis  given  in  Par.  21  for  an  average  natural  gas, 
and  which  represents  the  average  constitution  of  the  gases  considered 
as  representative  in  Table  1,  it  will  be  seen  that  of  the  combustible 
gases,  methane  and  ethane  comprise  93.5  per  cent  of  the  whole  and 
ethylene  and  carbon  monoxide  comprise  0.2  per  cent  each.  No 
great  error  will  be  made,  therefore,  if  these  two  latter  gases  are  con- 
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sidered  as  being  a  part  of  the  paraffin  group,  especially  since  ethylene 
and  ethane  do  not  differ  j^reatly  in  either  heating  value  or  specific 
gravity.  The  inert  gases  may  lik(!wise  be  (^ombimid  in  one  group,  of 
which  the  resulting  specific  gravity  may  be  considered  equal  to  1.0. 
Consequently,  for  approximatf'  results,  the  average  natural  gas  may 
be  regardful  ;is  made  up  of  three  distinct  gases,  methane,  ethane, 
and  "inerts,"  of  which  the  heating  values  and  specific  gravities  may 
be  considered  as  in  Table  4. 

29  Representing  the  relative  volumetric  proportions  of  these 
gases,  expressed  decimally,  as  m,  e,  and  i,  respectively,  the  following 
relations  will  obtain: 

7n+e-\-i  =  1.0 [1] 

^■  =  897^+15946 [2] 

(?  =  0.5529  w  +  1.0368e+ 1.0?: [3] 

in  which  H  =  the  lower  heating  value  in  b.t.u.  per  cu.  ft.  of  natural 
gas  at  gas  standard,  and  G^  =  the  specific  gravity  of  the  gas.  Elimi- 
nating m  and  e  from  equations  [1],  [2],  and  [3],  the  heating  value  of 
the  gas  may  be  expressed  in  terms  of  i  and  G  as  follows: 

i7=  1440^-1541 1  +  100.6 [4] 

30  The  sum  total  of  the  percentages  of  the  inerts  given  in  Par. 
21  is  0.061  =i.    Substituting  this  in  equation  [4], 

//=1440G'+6.6 [5] 

Applying  equation  [5]  to  the  average  gas  of  Table  2,  of  which  the 

TABLE  4     HEATING    VALUE   AND   SPECIFIC    GRAVITY   OF   METHANE,   ETHANE 

AND    INERTS 

Kind  of  Gas  B.T.U.  per  Cu.  Ft.  Specific  Gravity 

Methane 897  0.5529 

Ethane 1594  1 .0368 

Inert? 1.0000 

specific  gravity  is  0.6135,  it  would  indicate  the  gas  to  have  a  fuel 
value  of  i/  =  890  b.t.u.  per  cu.  ft.,  as  compared  with  a  value  of  887.3 
as  computed  from  analysis. 

31  The  values  of  H  and  G  given  in  Table  1,  when  plotted  against 
each  other,  yield  the  result  shown  in  Fig.  1.  In  this  figure,  only 
those  gases  considered  as  representative,  and  not  marked  with  an 
asterisk,  have  been  plotted.  The  resulting  points  are  very  widely 
scattered,  but  the  general  tendency  is  toward  an  increasing  value  of 
H  with  increasing  G,  as  would  naturally  be  expected,  and  it  must  be 
remembered  that  many  of  the  analyses  plotted  cannot  be  vouched 
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for  as  to  accuracy,  in  fact  it  is  reasonably  certain  that  they  are  in- 
accurate. The  diagonal  line  drawn  in  the  figure  is  the  graph  of 
equation  [5],  and  is  not  far  from  an  average  line  through  the  points 
shown.  It  is  fair  to  conclude,  therefore,  that  for  purely  approximate 
work,  a  reasonable  notion  of  the  heating  value  of  natural  gas  may 
be  obtained  from  the  known  specific  gravity  by  using  equation  [5]. 
When  the  locality  is  known  from  which  the  gas  is  derived,  the  ap- 
proximate proportion  of  the  inert  gases  may  be  learned  by  selecting, 
from  Table  1,  a  gas  from  the  same  field,  and^the  heating  value  com- 
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Fia.  1    Curve  showing  Relations  of  Heat  Content  and  Specific  Gravity 
OF  Gas,  from  Table  1 


puted  by  means  of  equation  [4].  The  values  calculated  in  this  way 
are  shown  in  column  15  of  Table  1,  and  may  be  compared  .with  those 
computed  directly  from  the  analyses. 

32  As  stated,  no  great  degree  of  accuracy  is  claimed  for  this 
method  of  computation,  but  the  author  has  frequently  found  it  of 
great  convenience  where  other  and  better  methods  were  not  avail- 
able. The  comparative  values  shown  in  the  table  as  computed  from 
the  analyses  and  by  equation  [4],  indicate  that  a  fair  degree  of  ap- 
proximation can  be  attained  by  it. 
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33  Reference  has  been  made  to  "dry"  gas.  This  term  is  used  to 
designate  the  ordinary  natural  gas  coming  from  a  well  jiroducing 
gas  exclusively,  as  distinguished  from  that  coming  from  an  oil  well, 
which  is  called  "wet."  These  terms  have  no  reference  to  water  vapor 
in  the  gas,  but  imply  the  absence  or  presence  of  vapors  of  hydro- 
carbons higher  in  their  respective  series  than  those  discussed  above. 

TRANSMISSION    OF    NATURAL    GAS 

84  Pipe-Line  Flow  Formula.  In  the  design  of  pipe  lines  for  the 
transmission  of  natural  gas  from  the  field  to  the  points  of  consump- 
tion it  is  necessary  to  make  use  of  a  formula  expressing  the  relations 
to  each  other  of  the  quantity  and  initial  and  final  pressures  of  the 
gas,  and  the  diameter  and  length  of  line.  Many  such  formulae  have 
been  proposed  giving  widely  differing  results.  In  nearly  all  of  them 
the  flow  is  stated  as  varying  as  the  square  root  of  the  fifth  power  of 
the  pipe  diameter,  and  either  the  coefficient  of  friction  is  considered . 
constant,  or  a  different  coefficient  is  given  for  each  diameter  of  pipe. 
This  serves  well  enough  where  the  diameter  is  known  and  any  one 
of  the  other  quantities  expressed  by  the  formula  is  desired,  but  is 
somewhat  awkward  when  it  is  desired  to  ascertain  the  diameter  of 
line  necessary  to  meet  the  other  given  conditions. 

35  The  author  has  derived  a  new  formula,  which  he  believes  ex- 
presses the  relationship  of  the  quantities  involved  even  more  closely 
than  any  heretofore  offered.  It  is  based  on  isothermal  flow,  and  the 
variation  in  the  value  of  the  coefficient  of  friction  is  provided  for 
without  complicating  the  formula,  yet  permitting  the  required 
diameter  of  line  to  be  ascertained  readily. 

36  The  expression  for  the  initial  velocity  of  any  gas  flowing  in  a 
pipe  is  given  by  Unwin  ^  as 


,.,  =  ./9CTm(P'-P.) 

fl  P\ 

where 

Wi  =  initial  velocity,  ft.  per  sec. 
q    =  acceleration  due  to  gravity 

py 

C  =  thermodynamic  constant  of  the  fiowmg  gas  = 
T  =  absolute  temperature  of  gas 

m  =  hydraulic  mean  radius  of  the  pipe  =  — 

4 

'  Compressed  Air,  p.  67,  Van  Nostrand's  Science  Series. 
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Pi  =  absolute  initial  pressure  of  the  gas,  lb.  per  sq.  in. 
P2  =  absolute  final  pressure  of  the  gas,  lb.  per  sq.  in. 
/    =  coefficient  of  friction 
/     =  length  of  line,  ft. 


Let 


C'«  =  thermodynamic  constant  for  air 

G  =  specific  gravity  of  flowing  gas,  air  =  1.0 

D  =  diameter  of  pipe,  ft. 

d   =  diameter  of  pipe,  in. 


Then 


and 


Hence 


C  = 

G 

D 

fl 

}U 

=  — 

= 

4 

48 

r,r.7^P^lMf 

L       48  GflP\      J 


If 

5  =  quantity  of  gas  flowing  per  second,  based   on  absolute 
pressure  and  temperature  of  Po  and  T„ 

A  =area  of  cross-section  of  pipe  in  sq.  ft.  = 

4X144 

Then 


.P,To  Trd^      T 

a  =  UiA  -  —  =  Ur 

PoT         4X144  P 


\T     576  PoL     48  (77:f/      J 


If 

Then 
and 


4?  =  flow,  cu.  ft.  per  hr.,  based  on  Po  and  To 
L  =  length  of  line,  miles. 

^  =  r)28()L 

Q  =  3(j00ry 


Q=        ''^Z^\/^A<£lz^'{ [9] 

576^48X5280  ^oV         [     GTfL     J 

o  \{P\-P\)d^ 
oL     GTJL     J 


Taking  (/  =  32.17  and  C,  =  53.38 

I 
P 


Q  =  1.6156^  I  (ZI:^Z2in- [10] 
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37  Expcrinieiity  on  tlu'  (low  ul'  air  in  pipes  of  different  dianieier.s 
indicate  tiiat  the  coefficient  of  friction  /  is  a  variable,  decreasing 
with  increasing  diameters  of  line.  A  great  many  such  experiments 
have  been  collected  and  published  in  Compressed  Air,  by  Elmo  G. 
Harris,  from  which,  by  the  use  of  equation  [10],  the  coefficients  of 
friction  have  been  computed  and  plotted  in  Fig.  2. 

38  In  the  reports  of  these  tests  no  statements  were  made  as  to 
the  method  of  measuring  the  quantity  of  gas  flowing,  and  it  is  quite 
pr()bal)le  that  many  of  the  results  are  inaccurate  in  this  respect. 
Notwithstanding  this,  however,  the  nature  of  the  variation  of  /  with 
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the  diameter  is  evident,  and  the  curve  represented  by  the  equation 

0.008 

gives  a  fair  average  of  the  loci  of  the  points  plotted.    Inserting  this 
value  of  /  in  equation  [10],  the  expression  becomes 


Q=  18.062  — 
P 


ol      GTL     \ 


[ii; 


Equation  [11]  is  the  general  formula  for  the  flow  of  gas  in  long  pipe 
lines. 

39  In  1901,  Forrest  M.  Towl  conducted  an  extended  test  on  an 
8-in.  line,  70  miles  long,  supplying  gas  to  Buffalo,  the  results  of  which 
were  published  in  a  bulletin  issued  by  Columbia  University  in  1911. 
Previous  to  the  test  the  line  had  been  repaired  and  tested  for  leaks, 
and  was  known  to  be  practically  gas  tight.    The  flow  was  measured 
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by  standardized  pitot  tul)(%s,  which  gave  results  accurate  within  less 
than  1  per  cent.  The  specific  gravity  G  of  the  flowing  gas  was  0.64, 
its  temperature,  82  deg.  fahr.,  or  7'  =  492  deg.  absolute.  The  tem- 
perature basis  on  which  the  gas  was  measured  was  50  deg.  fahr.,  or 
7",,  =  510  deg.  absolute,  and  the  pressure  basis  was  4  oz.  above  14.4 
lb.,  or  Po  =  14.65  11).  per  sq.  in.  al)Solute.  In  a  length  of  pipe  70.32 
miles  long,  Pi  and  P-y  were  210  and  41  lb.  per  sq.  in.  absolute,  re- 
spectively. The  actual  diameter  of  the  pipe  was  7.981  in.,  and  the 
rate  of  flow  by  pitot  tube  was  found  to  be  221,000  cu.  ft.  per  hr. 

40  Inserting  these  quantities  in  formula  [6]  and  solving  for  flow, 
it  becomes 

g  =  221,400cu.  ft.  per  hr. 
or  less  than  0.2  of  1  per  cent  greater  than  the  actual  flow  as  measured. 

41  Assuming  gas  standard  conditions  of  measurement  basis, 
namely,  60  deg.  fahr.  and  14.65  lb.  absolute  pressure,  and  that  the 
average  flowing  tem])erature  of  the  gas  throughout  the  year  will  be 
40  deg.  fahr.,  the  formula  becomes, 

Q  =  28.66  pZhiS^T [12] 

and,  if  an  average  specific  gravity  of  0.60  be  assumed 

Q  =  37r^ft^^*T [13] 

42  Formula  [13]  is  of  practical  use  in  designing  lines  for  the  trans- 
mission of  natural  gas.  It  is  used  as  given,  or  in  a  transposed  form, 
I'or  all  problems  relating  to  single  lines  of  uniform  diameter. 

43  If  a  line  is  composed  of  several  lengths,  Li,  Li,  .  .  .L„,  of 
diameters  d\,  di,  .  .  .dn,  each  of  these  lengths  must  be  transformed 
into  an  equivalent  length  of  one  chosen  diameter,  by  means  of  the 
formula 

^-^-EF ■■ "'' 

These  equivalent  lengths  added  together  will  give  L  =  L[  -\-L[  +  .  .  . 
+  Ln,  which  is  the  value  for  L  in  formula  [13]. 

44  Values  of  equivalent  Unigths  for  different  diameters  can  be 
most  conveniently  ascertained  by  the  use  of  curves  in  Fig.  3,  which 
consist  of  plots  of  the  values  of  c/*^*  for  varying  values  of  d.  Values 
taken  from  these  curves  are  conNfuieiit  to  use  directly  in  the  pipe- 
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line  formula,  equation  [l'S\,  whereas  they  are  most  simply  used  in 
equation  [14]  as  values  of  the  5i;  power  of  the  diameter  ratios. 

45  In  the  next  case  to  be  discussed,  that  of  looped  systems  of 
lines  (two  or  more  pipes  paralleling  each  other),  it  often  happens 
that  the  several  pipes  of  a  loop  have  different  lengths.  It  is  then 
necessary,  first,  to  transform  all  of  them  into  their  respective  equiva- 
lents having  a  common  length.  This  is  done  by  means  of  a  trans- 
posed form  of  equation  [14],  namely 

d:-dA^r [15] 


'•  [g 


It  will  be  seen,  of  course,  that  these  values  can  likewise  be  derived 
by  the  use  of  Fig.  3. 

46  Having  reduced  the  pipes  to  their  equivalents  of  a  common 
length  L,  let  the  equivalent  diameters  be  d^,  d^,  .  .  .dn.  The  initial 
and  final  pressures  Pi  and  P2  will  be  common  to  all,  and  therefore 
the  flow  per  hour  through  the  system  will  be 

Q=S7  i/5z^    r  \/d^'  +  |/f/.f^+  . . .  +  ydl^ [16] 

=  37     KPl-Pl)  V      LfSh ^7j 

=  37  J(^'--P.Vo^ [18] 

where 

v^ =d^  =  z  v"^  =i:^^ [19] 

or 

do=  i^d^f [20] 

47  If  the  whole  line  consists  of  other  sections  of  similarly  com- 
posed looped  lines,  the  equivalent  single  diameter  of  each  section 
can  be  determined  by  equation  [20]  and  the  section  then  reduced 
to  an  equivalent  length  of  some  chosen  uniform  diameter  by  equa- 
tion [14].  These  equivalent  lengths  added  together  will  give  a  line 
of  uniform  diameter  of  single  pipe  equivalent  to  the  actual  looped 
system. 

48  For  facilitating  the  computation  of  such  a  line,  Fig.  4  is  given, 
which  is  a  plot  of  values  of  Vr/^*  for  values  of  d.    From  those  curves 
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the  values  of  Vrf^^  for  the  several  loop  diameters  are  read  off  and 
added  together,  the  resulting  equivalent  diameter  d^  being  then 
ascertained  from  the  curve. 

49     Pipe-Line  Storage  Capacity.     The  storage  capacity  of  a  pipe 
line  is  the  excess  gas,  over  and  above  the  average  rate  of  supply,  that 
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Diameters 


can  be  packed  in  the  line  during  the  period  when  the  demand  is  less 
than  the  supply.  The  supply  rate  is  the  rate  of  average  daily  delivery 
and  since  the  volume  of  gas  contained  in  the  line  is  a  function  of  the 
pressure,  it  is  necessary  in  order  to  determine  the  storage  capacity, 
to  develop  an  expression  for  the  total  line  contents,  which  will  take 
into  account  the  variable  pressure  conditions  at  all  points  along  the 
line.      Having  such   an  expression,   the  total   contents   under  the 
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"packed"  and  "unpacked"  conditions  may  be  computed,  and  tlie 
storage  ascertained  by  taking  their  difference. 

50  The  unpacked  condition  of  a  pipe  line  obtains  when  the  gas 
is  flowing  at  the  average  daily  rate,  for  when  the  consumption  is 
below  this  point  all  excess  gas  is  being  stored,  and  this  point,  there- 
fore, is  the  lower  limit,  or  base  of  the  peaks  in  the  daily  dehvery 
curve  for  the  day. 

51  The  upper  limit,  or  packed  line  condition,  is  not  as  readily 
determined,  but  if  it  is  considered  to  be  such  that  the  intake  pres- 
sure is  at  its  maximum  point,  as  fixed  by  considerations  of  safety, 
station  pump  pressure  limits,  etc.,  and  the  flow  is  a  mean  between 
the  minimum  and  average  rates  for  the  day,  the  result  will  be  very 


Fig.  5    Variation  of  Intake  Pressure  Pi  for  Varying  Values  of  L,  Lengthn 
OF  Pipe,  with  Discharge  Pressure  P^  Constant 


nearly  actual  conditions,  and  whatever  error  may  thereby  be  involved 
will  be  on  the  side  of  safety  in  estimating  the  storage  capacity. 

52  Fig.  5  shows  the  variation  of  intake  pressure  Pi  for  varying 
values  of  L  with  the  discharge  pressure  P^  constant.  Two  curves 
are  plotted :  The  solid  line  represents  the  conditions  with  an  assumed 
average  rate  of  flow  and  the  discharge  pressure  P^  fixed  by  the 
minimum  value  allowable  by  the  requirements  of  the  distributing 
system.  The  dotted  line  represents  the  pressure  conditions  in  the 
same  line  with  the  intake  ])ressure  l\  at  the  maximum  allowable 
value,  and  the'  flow  at  an  assumed  mean  of  the  minimum  and  average 
rates  for  the  day.  This  latter  curve  represents  the  packed  line, 
and  the  shaded  area  the  (|uantity  of  gas  stored  in  the  line  available 
for  peak  loads. 
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53     Let  P  =  absolute  pressure  at  any  point;  then  for  any  given 
line  and  flow  condition,  from  equation  [13] 

p'-Pl  =  lJ^  =  Kl [211 

"       37  rf^* 

wherein 

K  =  ^-^ [22] 

37  rf^^ 

Hence 

P=^Kl-\-Pl [23] 

The  gas  contained  in  a  length  81  l)ased  on  any  pressure  Po  will  be 
hi  cii.  ft., 

57  =  5280  ^gZ  — 

Po 

where  A  is  the  cross-sectional  area  of  the  pipe  in  sq.  ft.    The  total 
quantity  of  gas  in  the  line  under  the  given  conditions  will  then  be 


KL  =  Pl-Pland'K  =  - 


y^^^^^^  rp;-p:j 


But 

P'-P' 
L 
Hence 

3520  AL 

PoiPl-  p. 

=  3520  —  [p^+P.- Jj^l [25] 

Po  L  P1+P2J 

=  19.20^^^  [fi+A-  ^'^'  ].  •• [26] 

Po  I  P,-\-Pd 

54  In  these  formulae  d  is  the  actual  internal  diameter  of  the  pipe 
in  inches,  and  L  the  length  of  line  in  miles,  the  pressures  all  being 
lb.  per  sq.  in.  absolute. 

55  In  the  case  of  a  complex  system  it  is  necessary,  first,  to  ascer- 
tain the  common  pressures  at  all  junction  points  where  the  lines  are 
tied  together,  and  then  to  compute  separately  the  capacity  of  each 
section.  To  do  this  it  is  necessary  to  use  the  actual  diameter,  or 
area,  and  length  of  each  of  the  pipes  in  the  loop.  The  gas  content 
of  a  looped  section  thus  becomes 
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3520 


P.,  L  p.+p^J 


1-  =  :'^    P,+P.>-  ^'^i-     2^L [27] 


or 


19.20 


^.^ly.zu  Tp  _^p_   P1P2  1  v,/.^ [28] 

Po     L  "     P,+P2j 

5()  llw  gas  content  of  the  entire  system  will  thus  be  the  sum  of 
the  contents  obtained  for  the  several  sections  of  line.  If  the  quan- 
tity thus  obtained  for  average  flow  conditions  is  deducted  from  that 
similarly  comjiuted  for  minimum  flow  with  maximum  intake  pres- 
sure P|.  the  result  will  be  the  total  available  storage  capacity  of  th(^ 
line. 

571f  the  letters  used  in  equations  [27]  and  [28]  be  taken  to  rep- 
resent the  pressure    conditions    of    the  packed  lines  and  P,  and  P, 


S  ill. 

30  miles 
Sin. 

^l=? 

20  miles 
10  in. 

B 

i.)  miles 
10  in. 

25  miles 

c 

P^=  50  lb.  absolute 

40  luiles 

Fig.  5-a    Diagram  illustrating  Application  of  Pipe-Line  Formulae 

those  of  the  unpacked  line,  the  available  storage  capacity  of  the 
system  will  be 

s=^-^( p-p[  +  p,-p-  J''^'^-\-4^)  :!:al [29] 


Po  \   '      '  '    P1+P2    P[+P.. 


or 


19.20/^      ..,  ,  ^      ^>       P,P,    ,    P[P\  \  ^^ 


S  =  -~ /p,  - P[  +P- P\  -  -^^  +  ^-'l, )  2r/2L ....  [30] 


Po     \      "  '  "'         P1+P2        P\+P'J 

58  The  following  problem  will  illustrate  the  application  of  all  of 
the  above  pipe-line  formulae.  Assume  a  complex  line  made  up  as 
shown  in  Fig.  5-a,  and  let  it  be  required  to  find  the  equivalent  line 
of  single  pip(»  and  the  intake,  or  initial  pressure  Pi  necessary  to  force 
1,000,000  cu.  ft.  per  hr.  through  the  system,  with  a  terminal  pressure 
P2  =  50  lb.  absolute.  Taking  first  the  section  from  A  to  B,  we  have 
20  miles  of  8-in.  (net)  pipe  and  25  miles  of  10-in.  By  equation  [15] 
the  diameter  of  a  pipe  25  miles  long  that  will  be  equivalent  to  the 
20  miles  of  8-in.  pipe  is,  in  inches 

"  =  8.342 


THOS.    U.    WEYMOUTH  745 

Section  AB  is  then  equivalent  to  two  parallel  or  looped  lines  each  25 
miles  long  and  having  respective  diameters  of  8.342  in.  and  10  in. 
For  f?=   8.342  in.      rf'  =  286.2in. 
ford  =  10.0  rf5=464.2 


xS  =  750  A  in. 
and  by  equation  [20] 

(/o=(2d^)''=  (750.4)^=  11.97 
or,  section  ^.J^  is  equivalent  to  one  pipe  11.97  in.  in  diameter  and  25 
miles  long. 

59     By  equation  [15]  in  section  BC,  the  8-in.  pipe,  35  miles  long  is 
equivalent  to  a  7.772-in.  pipe  30  miles  long,  since 

d:  =  8\^^T  =  7.772 


m 


60     In  the  same  manner,  the  10-in.  line  40  miles  long,  is  equivalent 
to  a  9.475-in.  line  30  miles  long.    Then,  by  equation  [20] 

for  d  =  12.0  d5=  754.8 
d=  7.772  d'=  237.0 
d=   9.475     S=   402.0 


Sd5  =  1393.8 
do  =  (Sd^)^  =  (1393.8)^  =  15.10  in. 

Hence  section  BC  is  equivalent  to  one  pipe  15.10  in.  in  diameter,  30 
miles  long.     By  equation  [14] 

r  =  30  ( ^^^^  \    =  8.68  miles 


\15.10/ 


61  Thus,  section  BC  is  equivalent  to  a  single  line  11.97  in.  in 
diameter  and  8.68  miles  long  and  the  whole  system  is  equivalent  to 
a  single  line  11.97  in.  in  diameter  and  33.68  miles  long. 

62  For  ascertaining  the  required  initial  pressure  for  a  flow  of 
1,000,000  cu.  ft.  per  hr.  the  known  line  constants  are  therefore, 
P2  =  50,  rf=  11.97,  L  =  33.68,  Q=  1,000,000.     By  equation  [13] 


1,000,000  =  37  a/^'     ^^  11.97'* 


33.68 

P,  =215.1  lb.  absolute 

63     The  relative  quantities  of  gas  passed  l)y  the  several  pipes  of 

8 
the  loops  are  to  each  other  as  the  -d  power  of  their  equivalent  diam- 
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eters  for  equal  lengths.  The  pressure  at  junction  B  can  be  ascer- 
tained by  means  of  equation  [13],  using  for  L  and  d  the  equivalent 
values  derived  above  for  s(>('tion  AB.  This  pressure  is  required  to 
be  known  in  order  to  determine  the  storage  capacity  of  the  line. 
After  having  ascertained  the  above  quantities,  the  pressure  drops 
being  knowTi,  the  computation  (!an  be  checked  l)y  computing  tiie 
flow  through  the  several  lines  as  they  actually  exist. 

64  Instead  of  computing  the  equivalent  lengths  and  diameters 
by  equations  [14],  [15],  and  [20],  they  may  be  ascertained  from  the 
curves  of  Figs.  3  and  4. 

65  To  compute  the  storage  capacity  of  the  system,  first  consider 
section  AB.  Assume  the  maximum  allowable  pressure  at  A  to  be 
P,  =  225  lb.  absolute,  and  the  flow  Q  =  800,000  cu.  ft.  per  hr.  This 
section  was  shown  to  be  equivalent  to  a  single  line  11.97  in.  in  diam- 
eter and  25  miles  long.  Suljstituting  these  known  values  in  equation 
[13],  the  pressure  at  B  is  found  to  be  ^2  =  172.7  lb. 

66  When  the  line  is  unpacked;  that  is,  under  average  flow  con- 
ditions of  1,000,000  cu.  ft.  per  hr.  P,' was  shown  to  be  215.1  lb. 
and  by  formula  [13],  P[  is  found  to  be  117.4  lb. 

67  Substituting  these  values  in  equation  [30],  together  with  the 
actual  dimensions  of  the  pipe  in  the  section  of  line  under  considera- 
tion, the  available  storage  capacity  of  this  section  AB  in  cu.  ft.  is 

^■  =  lgJ»/225-215.1  +  172.7-117.4-^"^X'^^-' 
14.65  \  225  +  172.7 

,  215.1X117.4> 


ij  (82X20+10^X25)  =  215,000 


215.1  +  117.4> 

68  In  like  manner  the  storage  capacity  of  BC  is  computed,  the 
sum  of  the  two  results  l)eing  the  total  storage  capacity  of  the  whole 
system  available  for  peak  demands. 

69  Poirer  Required  to  Compress  Natural  Gas.  Before  discussing 
the  general  problem  of  the  design  of  a  transmission  system,  it  is 
necessary  to  give  a  rational  formula  for  the  power  required  to  pump 
natural  gas.  It  has  generally  been  assumed  that  the  compression  is 
approximately  adiabatic,  and  the  theoretical  adiabatic  formula  has 
been  used  for  determining  the  power  requirements.  Many  tests  on 
compressors  of  widely  differing  types  have  convinced  the  author 
that  this  fornmla  sometimes  leads  to  serious  errors,  and,  accordingly, 
an  empirical  formula  is  presented,  which  is  })elieved  to  represent  the 
actual  operating  conditions  much  more  closely  than  the  adiabatic 
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formula.    First,  however,  both  the  isothermal  and  adiabatic  I'orimilae 
will  bo  presented  for  purposes  of  comparison. 

70  If  gas  could  be  compressed  isothermally,  the  theoretical  work 
required,  as  derived  from  the  laws  of  perfect  gases  and  with  no  clear- 
ance in  the  compressor,  would  be 

H=7M-,  log.  ^^ 131] 

where 

IF  =  ft-lb.  of  work  per  lb.  of  gas  compressed 

Pi  =  absolute  suction  i:)ressure,  lb.  per  sq.  ft. 

Po  =  absolute  discharge  pressure,  lb.  per  sq.  ft. 

ri  =  volume  of  1  lb.  of  gas  at  pressure  P,,  cu.  ft. 
Let 

Po  =  absolute  pressure,  lb.  per  sq.  ft.  on   which  the  measure- 
ment of  the  gas  is  based 

7^0  =  absolute  temperature  basis  of  measurement,  deg.  fahr. 

Vo  =  volume  of  1  lb.  of  gas  at  Po  .and  To 

T'i  =  absolute  temperature  at  which  the  gas  is  comi:)ressed 
Then 

T,  To 

and 

To 
hence 

W  =  PoVo  ^  loge  ^  ft-lb [32] 

"  1 

71  At  Po  and  To  1,000,000  cu.  ft.  of  gas  will  weigh   li222lH!  b. 

'    o 

and  if  1,000,000  cu.  ft.  are  compressed  in  one  day  of  24  hours  (1440 
minutes),  thei 
it  will  rc^iuirc 


•  .  N        .1  n     t  1,000,000     „  T  •  TT 

mmutes),  there  will  l)e lb.  compressed  per  mumte.    Hence 

1440  Vo 


1,000,000 Poro7; ,     p..,,. 

loge  ~  It-lb.  per  nun. 

1440  T'o        To  P, 

or 

1,000,000     T,  ^    ,        P 


1440X33000 


-i  Po  log.  -^  h.p. 
To  P. 
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72     If  7;o  =  the  base  pressure  in  lb.  per  sq.  in.  absolute,  and  pt  and 

Pi  are  absolute  pressures  per  sq.  in.  corresponding  to  Pn  and  Pi 

Po  =  144  po 

and 

,  1,000,000X2.3026X144     T^ .        p<,     ^.  „__        Ti  ,      p^     ..„, 

h.p. i  =  ~ " Po  —  logio -  =  ^-978  Po  — -  log  — .  .  33 

1440X33000  r„  pi  T^c 


Pi 


H.p.i  is  the  theoretical  isothermal  horsepower  per  1,000,000  cu.  ft. 
of  gas  per  day. 

73  This  formula  gives  the  least  possible  power  required  to  com- 
press gas  at  the  rate  of  1,000,000  cu.  ft.  per  day,  and  is  therefore 
used  as  a  measure  of  the  efficiency  of  compression.  In  other  words, 
"compression  efficiency"  is  the  figure  obtained  by  dividing  the  h.p. 
as  determined  from  ef|uation  [33]  l)y  that  actually  required  on  the 
compressor  piston. 

74  If  the  compression  were  performed  strictly  according  to  the 
adiabatic  law  where  n  is  the  ratio  of  specific  heats  of  the  gas  at  con- 
stant pressure  and  constant  volume,  the  work,  neglecting  clearance, 
required  for  1  lb.  of  gas  would  be,  theoretically. 


\V 


P,F, 


1 


(r 


[34] 


But  since 


P,F,=PoFo    ^ 

To 


n-l  tX\pJ  \ 


[35] 


75     In  order  to  compress  1,000,000  cu.  ft.  per  day,  it  would  re- 
quire, as  before, 

n-l 


h.p.a=- 


1,000,000 


1 440  X  33000  X7o/? 

Tx      » 
=  3.03  po^ 


144p„Fo  — 
1  7\. 


&'-'] 


h.p [36] 

To  n-l     •      ' 

76  As  already  stated,  the  bases  generally  adopted  throughout  the 
gas  country  are  Po=  14.65  lb.  per  sq.  in.  and  7^0  =  60+460  =  520  deg.; 
also,  for  average  natural  gas,  n=  1.266.  Substituting  these  values, 
and  assuming  7',  =  7^0  =  520  deg.,  formula  [33]  for  isothermal  com- 
pression, becomes 
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h.p.  i=  102.28  log  ^' [37] 

Pi 
and  formula  [36]  for  adiabatic  compression,  becomes 

h.p..  =  211.27[(^j     -ij [38] 

77  Equations  [37]  and  [38]  give  the  theoretical  h.p.  per  1,000,000 
cu.  ft.  per  day,  for  isothermal  and  adiabatic  compression  respectively, 
on  the  assumption  that  the  compressors  have  no  clearance  and  that 
there  are  no  losses  of  any  kind.  Obviously  these  conditions  are 
impossible  of  realization  in  practice  and  experience  shows  that  while 
one  would  expect  the  true  formula  to  be  somewhere  between  those 
for  adiabatic  and  isothermal  conditions,  due  to  jacket  cooling,  in 
reality  this  is  not  the  case,  on  account  of  the  effects  of  mechanical 
clearance  and  slippage  losses,  to  be  explained  later. 

78  For  isothermal  compression  the  mean  effective  pressure  in  lb. 
per  sq.  in.,  as  derived  from  equation  [31],  is 

m.e.p.i  =  2.3026  Pi  log  ^' [39] 

79  For  adiabatic  compression,  derived  from  equation  [34],  it  is 

which,  for  natural  gas,  when  n=  1.266,  is 

m.e.p.a  =  4.76  ??,  U^\    -ij [41] 

80  If  p2  in  equations  [39]  and  [41]  be  regarded  as  constant  and 
equal  to  100  per  cent,  and  pi  be  allowed  to  vary  from  0  to  100,  and 
the  results  plotted  with  values  of  m.e.p.  as  ordinates  and  values  of 
Pi,  as  abscissae,  the  resulting  curves  will  be  shown  as  /  and  A  re- 
spectively, of  Fig.  6.  The  maximum,  or  peak  load  point  for  the 
isothermal  curve  /  occurs  at 

pi  =  0.3679  p2,  or  ^'  =  e  =  2.718 
Pi 
For  the  adiabatic  curve  A,  it  occurs  at 

pi  =  0.3254  p2,  or  5^  =  7?^  =  3.073 
Pi 

81  By  referring  to  equations  [37]  and  [38],  it  is  seen  that  the  power 
required  to  pump  a  given  volume  of  gas  is  dependent  solely  upon 
the  ratio  of  discharge  to  suction  pressures,  irrespective  of  the  actual 
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value  of  either  of  them,  whereas  equations  [39]  and  [41]  show  the 
mean  effective  pressure  to  depend  upon  the  absohite  value  of  the 
suction  pressure,  as  well  as  upon  the  number  of  compressions.  They 
show  furth(>r  that,  as  the  suction  increases  from  zero  to  the  value  of 
the  discharge  pressure,  the  latter  remaining  fixed,  the  mean  effective 
pressure  increases,  theor(>tically,  from  zero  to  a  maximum  value,  and 
then  decreases  to  a  theon^tical  zero  when  the  suction  is  equal  to  the 
discharge.  As  a  matter  of  fact,  however,  the  indicated  mean  effective 
pressure  in  the  compressor  cylinder  will  not  fall  to  zero  with  suction 
and  discharge  pressures  equal,  due  to  the  wire-drawing  of  the  dense 
gas  through  the  valves,  resulting  in  a  diminution  during  the  admis- 
sion stroke,  of  the  pressure  in  the  cylind(^r  ])elow  that  in  the  suction 
line,  and  in  a  piling  up,  during  the  discharge  stroke,  of  the  pressure 
above  that  in  the  discharge  line.  Consequently,  with  suction  and 
discharge  pressures  equal,  the  actual  indicated  power  will  always  be 
greater  than  that  of  either  the  isothermal  or  the  adiabatic. 

82  With  pi  =  0,  that  is,  when  no  gas  is  admitted  to  the  com- 
pressor, the  indicator  card  will  show  the  compression  and  re-expan- 
sion lines  to  be  practically  superimposed  if  the  valves  are  tight,  and 
consequently  the  condition  of  zero  work  with  zero  suction  pressure 
is  very  nearly  attained  in  practice. 

83  It  has  been  the  custom  of  most  engineers  to  consider  that  the 
actual  mean  effective  pressure  of  compression  follows  the  adiabatic 
law,  and  they  have  therefore  used  equations  [39]  and  [41],  with  con- 
stants depending  upon  assumed  values  of  inefficiency,  or  lost  work, 
according  to  the  judgment  and  expt^rience  of  the  engineer.  Repeated 
tests  have  shown,  however,  that  the  work  curve  has  characteristics 
more  nearly  approaching  those  of  the  isothermal  than  those  of  the 
adiabatic,  and  in  every  case  of  which  the  author  has  any  record  the 
actual  curve  begins  at  zero,  for  zero  suction,  and  rises  between  the 
isothermal  and  adiabatic  curves  until  a  point  is  reached,  at  ab(jut 
3.2  compressions,  where  it  crosses  the  adiabatic  and  thereafter  con- 
tinues above  it.     The  peak  load  is  found  at  about  pi=0A2p-2  or 

-  =2.38  compressions. 
Vi 

84  In  Fig.  6  are  plotted  the  results  of  two  independent  tests  on 

compressors  of  large  size.  The  circled  dots  represent  the  observa- 
tions of  a  test  reported  by  James  S.  Posgate,  of  the  Kansas  Natural 
CJas  Company,  in  a  paper^  read  before  the  Natural  Gas  Association 

1  Operation  of  Compression  Stations,  The  Natural  Gas  Journal,  August  1911, 
p  20 
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Mean  Effective  Pressure,  Lb.  per  Sq.  In. 
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of  America  at  its  sixth  annual  meeting,  May  1911.  The  unit  com- 
prised two  17  in.  by  48  in.  compressor  c^dinders,  operating  at  260  lb. 
gage.  The  crossed  points  represent  the  o})servations  of  a  test  con- 
ducted by  the  author,  in  March  1911,  on  a  24f  in.  by  48  in.  com- 
pressor running  at  88  r.p.m.  In  the  latter  test  the  discharge  pres- 
sure was  h(dd  constant  at  about  103  lb.  gage,  and  the  suction  pres- 
sure varied  from  88  to  19  per  cent  of  the  discharge.  The  results  of 
the  observations  in  both  tests  were  reduced  to  equivalent  values 
corresponding  to  a  constant  discharge  pressure  of  100  lb.  per  sq.  in. 
absolute. 

85  A  study  of  the  plotted  observations  of  these  tests  in  comparison 
with  the  curves  A  and  /  in  the  same  figure,  reveals  the  fact  that  the 
actual  curve  attained  in  practice  resembles  the  isothermal  more 


Fig.  7     Typical  Compressor  Diagram — see  Par. 


m.e.p 


nearly  than  it  does  the  adiabatic;  and  that  it  diverges  from  the 
isothermal  at  a  comparatively  uniform  rate  as  the  suction  pressure 
increases,  and  can  be  fairly  represented  by  the  equation 

=  2.3pl^l.08^-0.5  1"^''^  jlog^' [42] 

which  is  plotted  as  curve  C  in  Fig.  0. 

86  C'urve  C  and  its  corresponding  equation  [42]  may  be  taken  as 
fairly  representing  the  conditions  met  with  in  practice  and  has  been 
found  by  the  author  to  be  safe  to  use  in  predetermining  the  in- 
dicated horsepower  of  a  compressor. 

87  The  peculiar  relationship  existing  between  the  actual  and  the 
isothermal  curves  is  doubtless  to  be  explained  by  the  increased  rate 
of  cooling  of  the  gas  with  increasing  range  of  compressions,  for  the 
lower  the  suction  pressure,  and  therefore  the  greater  the  number  of 
compressions,  the  higher  will  be  the  temperature  of  compression  and 
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the  less  the  weight  of  gas  pumped,  with  correspondingly  less  total 
(ILiantity  of  lieat  generated.  These  results  coml)ine(l  will  therefore 
cause  an  increased  rate  of  flow  of  heat  into  the  cooling  water,  while 
at  the  same  time  less  total  quantity  of  heat  will  have  to  be  extracted 
from  the  gas,  with  the  result  that  the  compression  will  more  and 
more  nearly  approach  isothermal  conditions. 

88  Inasmuch  as  the  formula  for  the  mean  effective  pressure 
represented  by  equation  [42]  is  derived  from  actual  operating  condi- 
tions, it  may  be  considered  as  taking  into  account  all  power  losses. 
In  the  development  of  a  working  formula  for  the  actual  power  re- 
quired to  pump  a  given  quantity  of  gas,  however,  there  are  a  numV)er 
of  sources  of  loss  in  volumetric  efficiency  which  must  be  considered, 
the  most  important  of  which  are  as  follows: 

a  Mechanical  clearance 

h  Wire-drawing  of  the  gas  passing  through  suction  valves  and 

passages 
c  Heating  of  the  inlet  gas  while  entering  the  cylinder 
d  Valve  and  piston  leakage 

89  From  a  study  of  a  great  variety  of  indicator  cards  taken  from 
many  different  types  of  compressors,  the  author  has  found  that  the 
re-expansion  curve  closely  resembles  the  isothermal.  In  fact,  many 
instances  were  found  where  its  exponent  was  less  than  1 .0,  doubtless 
due  to  discharge  valve  leakage.  Assuming,  therefore,  that  for  prac- 
tical purposes  it  may  be  considered  as  following  the  isothermal  law, 

where  Pi,  Ps,  Vc,  and  v^  are  as  represented  in  Fig.  7. 
Hence 

Pi 

Volumetric  efficiency  equals 

P2 

TT  Vl  Vm  T) 

Ei  =  -' =        P« 

Vi—Ve  Vi  —  Vc 

V 

If  the  piston  displacement  =  1 .0,  then  ih  —  fc  =  1-0  and — - —  =  Vc  =  '"  = 

Vi  —  lU 

clearance,  expressed  decimally.     Hence 
and  volumetric  efficiency  equals 


.^=i-.g-i) 


[43] 
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90  Equation  [43]  expresses  the  indicated  volumetric  efficiency  of 
the  compressor,  i.e.,  the  efficiency  as  measured  on  the  indicator  card. 

91  The  indicated  output  inchides  the  effect  of  wire-drawing,  or 
reduction  of  effective  suction  pressure  of  the  gas  due  to  passing 
through  the  suction  valves  and  passages,  as  well  as  that  of  the  in- 
dicated volumetric  cfficiemsy.  In  other  words,  the  indicated  output 
is  determined  by  multiplying  the  piston  displacement  by  the  in- 
dicated volumetric  efficiency  and  the  absolute  suction  pressure  in  the 
cylinder,  as  measured  from  the  cards,  and  dividing  by  the  absolute 
pressure  base  on  which  the  gas  is  measured.  This  wire-drawing 
effect  reduces  the  compressor  capacity  and  increases  the  power 
required  to  pump  gas  from  a  given  line  suction  pressure  in  propor- 
tion to  the  extent  of  the  pressure  reduction.  This  is  expressed  as  a 
percentage  of  the  absolute  line  suction  pressure.  It  must  be  in- 
cluded in  the  expression  for  indicated  volumetric  efficiency  by  making 
Ps  in  equation  [43]  equal  to  k/pi,  where  A-  is  1.0  minus  the  percentage 
drop  in  suction  pressure  due  to  wire-drawing,  and  /Ji  is  the  line  suc- 
tion pressure,  absolute.  Hence,  the  indicated  efficiency,  expressed 
in  terms  of  the  line  suction  pressure,  is 

E,  =  l~m  Z'— -l) [44] 


te-) 


92  The  third  source  of  loss,  heating  of  the  inlet  gas  entering  the; 
cylinder,  is  an  effect  that  is  difficult  to  determine  directly.  In 
1909  the  author  conducted  a  series  of  tests  on  six  different  compress- 
ing units,  three  high-stage  and  three  low,  in  an  effort  to  discover  to 
what  extent  this  heating  occurred,  and  found  that,  as  was  to  be  ex- 
pected, it  increased  with  increasing  compression  ratios,  and  was 
affected  in  a  marked  degree  by  any  leakage  that  occurred  through 
discharge  valves  or  past  the  pistons.  Its  effect  on  volumetric  effi- 
ciency was  to  reduce  it  in  direct  proportion  to  the  ratio  of  absolute 
temperature  in  the  suction  line  to  that  of  the  cylinder  full  of  gas  at 
the  beginning  of  compression,  and  amounted  roughly  to  about  1  per 
cent  for  each  5  deg.  fahr.  difference. 

93  The  fourth  factor,  namely,  the  loss  due  to  leakage,  reduced 
both  the  volumetric  antl  the  work  efficiencies.  While  leaky  suction 
valves  caused  a  flattening  of  the  compression  line  of  the  card  and 
thus  a  reduction  hi  the  mean  effective  pressure,  the  quantity  of  gas 
pumped  was  also  reduced  with  the  net  result  of  an  increase  in  the 
power  required  for  a  given  actual  quantity  of  gas  discharged.  On 
the  other  hand,  a  leak  back  through  the  discharge  valves  into  the 
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cylinder  reduced  \\w  (juantity  of  gas  drawn  in  tlirougii  the  suction, 
not  only  by  displacement,  but  also  by  its  heating  effect.  It  also 
raised  the  pressure  during  the  compression  stroke,  making  the  com- 
pression line  steeper,  and  thereby  caused  an  increase  in  the  mean 
effective  pressure.  The  ultimate  result,  therefore,  was  an  increased 
power  r(>quirement  to  pump  a  given  quantity  of  gas. 

94  In  accounting  for  the  losses  due  to  heating  and  to  leakage, 
they  are  usually  coml)ined  with  all  unaccounted  for  losses,  and  called 
"slip});ige,"  for  which  a  certain  fixed  percentage  is  assumed  and  in- 
serted in  the  expression  for  volumetric  efficiency. 

95  Let  .s,  expressed  as  a  decimal,  be  the  slippage  eff(!ct.  Then 
the  actual  efficienc}'  or  ratio  of  gas  actually  pumped,  to  that  com- 
l)utetl  from  piston  displacement,  would  be 

E=l-m  (J^~l]-s [45] 


V'P.      7 


and    the    (luantity    of    gas   pumped   in   one   day    of    1440   minutes 
would  be,  in  millions  of  cubic  feet,  based  on  To  and  po 


0  1440        A    ^^jTokv^ 

""     1,000,000  144  Ti  Po 


'h] 


1_,,,(1L_1)_,| [40] 


^kp 

Ihe  horsepower  required  on  the  compressor  piston  will  be 

m.e.p.XLX^XA^ 

''■^^■"^  33000 

The  horsepower  jxt  1,000,000  cu.  ft.  per  day  will  tluis  be  e(iual  to 

.  h.p.      100  Ti  m.e.p.  ,      , 

h.p.m--— ^  =  T^ :, [47] 

Qm       33   Tokp^  |~_^         ^  p2 

V 
Substituting  the  value  of  m.e.p.  as  given  in  equation  [42] 


33  To 


equatio; 


1.08X1 
h.p.„>-  — X2.3020Xp„X^'X -^^ log  ^  .[48] 


\-m\-L^- 


Vi 


or,  il  —  =  r 
Pi 


1.08+  i- 

T                             2r2 
h.p.„,  =  6.978  Po  ^ log  /■ [49] 


^".[i-,„(;-i)-.] 
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96  For  average  conditions  in  practice,  vi  =  0.02,  ^=0.98,  s  =  0.04, 
and  /;o  =  14.65.    Substituting  these  values  in  [49] 

1.08+^ 

h.p.„,=  102.2 ?-^  log  r [50] 

0.96-0.02  r 

97  The  efficiency  of  compression  is  equation   [87]   divided  by 

equation  [50],  or 

,.      0.96-0.02  r 

^-c= — [51] 

1.08  + 

2r2 

98  In  two-stage  compression,  for  equal  work  in  both  stages,  the 
pow(>r  required  is  equal  to  twice  that  necessary  to  pump  the  gas 
through  a  single  stage  in  which  the  number  of  compressions  is  equal 
to  the  square  root  of  the  total  two-stage  compression  range.  There- 
fore, if  h.p.2=  the  horsepower  per  1,000,000  for  two-stage  operation, 

1.08+;'^ 
h.p.2  =  2X6.978  po _^_  l,,jr  Vr 


/,• 


-if-')-] 


1.08  +  — 
=  6.978  p..  — ^:^ log  r [52] 


{-{¥-) 


Substituting  the  same  constants  as  were  assumed  for  equation    [50] 

1.08+  — 

h.p..,  =  102.2 ?_!L^logr [53] 

0.96-0.02  Vr 

99  The  simplest  method  of  using  the  horsepower  formula  is  by 
means  of  a  plot  giving  values  of  horsepower  per  1,000,000  cu.  ft.  of 

gas  per  day  corresponding  to  values  of —  =  r.      Equations   [37],    [38] 

Pi 
and  [50]  are  so  plotted  in  Fig.  8,  together  with  the  efficiency  of  com- 
pression, equation  [51]. 

100  It  will  l)e  seen  that  whereas  the  actual  mean  effective  pres- 
sure in  the'  compression  of  natural  gas  is  less  than  that  of  true 
adial)ati(^  compression  for  ranges  above  3.2  compressions,  the  actual 
horsepower  required  to  pump  a  given  quantity  of  gas  is  always 
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greater,  no  matter  what  the  compression  range  may  be.    This  is  due 
to  the  effect  of  clearance  and  the  other  losses  discussed  above. 

101  The  curves  in  Fig.  8  give  the  indicated  horsepower  required 
on  the  compressor  piston,  and  in  order  to  determine  that  necessary 
in  the  power  cylinders,  the  values  taken  from  the  curves  must  be 
increased  according  to  the  mechanical  efficiency  of  the  machine. 
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Fig.  8    Plot  of  Equations  [37],  [38],  [50]  and  [51] 


This  efficiency  will  range  from  75  to  80  per  cent  in  direct-connected 
gas-engine-driven  compressors  of  large  size. 

102  Single-stage  compression  is  advisable  for  ranges  up  to  seven 
or  eight  compressions  for  the  reason  that  the  benefit  that  would  be 
derived  from  two-stage  operation  is  overbalanced  by  the  excess  first 
cost  of  the  units,  combined  with  the  greater  cost  of  operating,  in- 
stalling, and  housing  them.  As  the  compression  range  increases 
above  this  point,  however,  two-stage  operation  becomes  necessary 
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from  an  operating  standpoint,  and  its  advantage  from  an  economical 
standpoint  becomes  more  and  more  pronounced. 

103  In  compressing  natural  gas  through  two  or  more  stages  it  is 
found  to  ))e  impracti('al)k'  to  driv^e  the  compressors  of  all  stages  by 
the  same  power  unit,  on  ac(x)unt  of  the  variable  pressure  conditions 
which  unbalance  the  loads  of  the  different  stages  except  at  one  par- 
ticular ratio  of  compression.  For  this  reason  it  is  the  usual  practice 
to  have  the  compressors  of  each  stage  driven  by  their  own  individual 
))()wer  units. 
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104  It  is  seldom,  if  ever,  advisable  to  pump  through  more  than 
two  stages  in  natural  gas  transmission,  for  the  reason  that  the  pres- 
sure is  limited  by  the  strength  of  the  pipe  lines  to  a  value  tliat  woukl 
not  warrant  the  added  complication  and  cost  of  multi-stage  units 
higher  than  two. 

105  Pipe-Line  Design.  In  order  to  design  a  transmission  system 
it  is  necessary  to  consider  the  character  of  service  to  be  rendered  and 
the  various  load  factors  to  be  expected.  For  domestic  service  in 
large  cities  the  maximum  daily  delivery  during  the  year  will  be 
about  twice  the  daily  average  for  the  year,  while  the  minimum  will 
range  from  25  to  30  per  cent  of  the  average.  Thus,  if  7,300,000,000 
cu.  ft.  of  gas  are  to  be  delivered  in  a  year,  or  an  average  of  20,000,000 
per  day,  i^rovision  will  have  to  be  made  to  transport  40,000,000  dur- 
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ing  the  coldest  day  of  winter.  The  load  curve  for  a  typical  cold  day 
must  then  be  considered  and  the  pipe  lines  and  stations  designed  not 
only  to  deliver  the  total  quantity  for  the  day  at  the  average  hourly 
rate,  but  also  to  provide  sufficient  storage  capacity  to  carry  the  load 
safely  over  the  peaks.  A  typical  load  curve  for  a  cold  day  is  shown 
in  Fig.  9,  and  it  will  be  seen  that  there  are  three  main  peaks,  oc(!ur- 
ring  about  at  meal  times.  As  a  rule,  the  demand  for  gas  during  the 
peaks  will  amount  to  about  16  per  cent  of  the  total  daily  delivery. 
The  line  storage  capacity  will  therefore  have  to  be  equal,  at  least,  to 
this  amount.  It  is  thus  necessary  to  provide  a  line  of  sufficient  capac- 
ity to  transport  the  daily  average  with  ease,  and  to  have  the  requisite 
storage  capacity.  At  the  same  time  the  pumping  stations  will  be 
required  not  only  to  pump  the  average  quantity  of  gas  demanded, 
but  will  be  required  to  pump  it  to  a  pressure  sufficiently  high  to 
pack  the  line,  and  thus  give  it  the  proper  storage.  This  packing 
must,  of  course,  be  done  during  periods  of  depression  in  the  daily 
load  curve,  when  the  demand  is  less  than  the  supply  from  the  sta- 
tions. 

106  There  are  many  variables  involved  in  tha  proper  design  of 
a  pipe  line  for  greatest  economy,  such  as :  the  pressure  to  be  adopted ; 
the  size  of  the  pipe  with  its  limiting  safe  working  strength ;  the  num- 
ber and  location  of  pumping  stations,  and  whether  single  or  double 
stage,  etc.  All  depend  upon  the  conditions  applying  to  the  particular 
problem  in  hand.  The  fundamental  principles  upon  which  a  line 
must  be  planned  are  those  expressed  by  the  pipe  line  and  horsepower 
formulae  already  given,  a  fact  which  seems  to  the  author  to  justify 
the  space  devoted  to  them. 

107  In  order  to  secure  the  greatest  economy  in  design  it  is  neces- 
sary to  study  the  eifects  of  the  various  factors  involved  in  any  given 
case,  for  there  exists  a  certain  relationship  among  pressures,  pipe 
diameters  and  number  of  pumping  stations  that  will  give  the  maxi- 
mum of  economy  for  any  given  output  and  distance  of  transmission. 

108  As  a  general  rule,  it  is  desirable  to  design  the  system  for  the 
maximum  safe  working  pressures  that  the  pipe  will  stand,  for  the 
reason  that  high  pressures  demand  smaller  pipes,  and  usually  the 
pipe  line  is  the  heaviest  item  of  cost  of  a  system.  High  pressures, 
however,  mean  more  power  necessary  in  the  compressor  stations, 
with  correspondingly  increased  cost  of  pumping|^the  gas,  thus  par- 
tially, or  perhaps  completely,  counteracting  the  lower  cost  of  the 
smaller  lines  due  to  such  high  pressures.  Line  leakage  is  also  much 
more  serious  the  higher  the  pressure,  and  on  this  account  it  is  neces- 
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sary  to  mak<-  the  safe  working  pressure  limits  of  the  pipe  line  much 
lower  than  would  hv  indicated  by  testing  a  single  joint  of  the  pipe 
alone. 

109  The  quantity  of  gas  to  be  delivered  also  has  a  marked  influ- 
ence on  the  economical  number  of  stations  to  be  used,  for  the  power 
necessary  to  pump  it  is  directly  proportional  to  the  amount  of  ga? 
pumped,  and  therefore  the  operating  and  first  costs  of  stations  like- 
wise, whereas  the  size  of  the  line,  under  the  same  pressure  conditions, 
increases  as  the  ^th  power  of  the  quantity.  Consequently,  the 
greater  the  quantity,  the  greater  will  be  the  relative  cost  of  power 
equipment  over  that  of  the  line. 

(00 


»500 


■400 


1.300 


g200 

3 

fclOO 


\\ 

V 

,N 

\ 

^ 

^ 

\ 

\ 

\ 

\ 

V 

"^ 

^ 

^ 

V^ 

\ 

S 

\ 

^ 

K. 

\ 

^ 

\ 

K 

■^ 

^ 

^ 

\ 

\ 

k. 

X 

k^ 

^ 

r^ 

'^^ 

v 

^i 

■^i- 

— 

\ 

\ 

> 

-•6> 

^%, 

'^•o^ 

13  15  17  19  31 

Actual  Internal  Diameter  of  Pipe,  lu. 


23 


25 


Fig.  10    Pipe  Diameters  for  Initial  Line  Pressures  for  Installations  of 
FROM  One  to  Four  Stations 

110  Relay  stations  between  the  field  and  the  delivery  point 
should  always  be  single  stage  only,  for  it  requires  th(>  sain(^  amount 
of  power  to  compress  the  gas  through  the  first  stage,  say  from 
atmosphere  to  53  lb.  gage,  as  it  does  through  the  second  stage  from 
53  lb.  to  300  lb.,  whereas  practically  no  benefit  is  derived  in  the  line 
for  the  expansion  from  53  lb.  to  atmosphere,  as  compared  with  that 
from  300  to  53.  This  is  seen  from  the  pressure  factor  in  the  pipe- 
line formula. 

HI  In  order  to  illustrate  the  effects  on  the  problem  of  the 
various  factors  involved  an  example  is  worked  out  and  plotted.  It 
is  assumed  that  the  average  daily  delivery  of  a  transmission  system 
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during  the  coldest  day  is  to  be  24,000,000  cu.  ft.,  or  ;it  a  rate  of 
1,000,000  per  hour.  The  transmission  distance  is  to  ho  300  miles 
and  it  is  required  to  determine  the  pressures  and  size  of  line  as  well 
as  the  number  of  pumping  stations  required.  For  the  purposes  of 
the  example  it  is  assumed  that  the  total  power  installed  will  be  equal 
to  that  determined  by  the  formula  without  allowing  for  reserve 
capacity,  and  that  the  actual  pipe  diameters  are  used  as  derived, 
without  regard  to  standard  sizes.  The  cost  of  pipe  line  is  taken  as 
$900  per  mile  per  inch  of  diameter,  and  the  cost  of  compressor  sta- 
tions at  .11 00  per  compressor  horsepower  installed.  Interest  and 
depreciation  on  the  line  are  taken  at  10  per  cent  and  on  the  power 
stations  at  12  per  cent,  while  operating  costs  are  figured  at  $15  per 
year  per  installed  compressor  horsepower.  The  minimum  allowable 
deliver}^  pressure  at  the  end  of  the  line,  where  it  feeds  into  the  dis- 
tributing system,  is  assumed  as  50  lb.  absolute,  while  the  gas  from 
the  field  is  supposed  to  enter  the  compressors  at  15  lb.  absolute,  or 
about  atmosphere. 

112  First,  assuming  one  station  in  the  field  to  pump  the  gas  the 
whole  distance,  the  required  pipe  diameters  are  figured  for  different 
initial  line  pressures  by  means  of  the  pipe-line  formula,  equation 
[13].  These  different  values  of  pressure  and  diameter  are  then 
plotted  as  shown  in  curve  1,  Fig.  10.  In  this  figure  the  limiting  safe 
pressures  for  various  sizes  of  pipe  line  are  also  shown  by  the  line  S, 
and  it  is  seen  that  this  line  and  that  of  the  required  pressures  cross 
each  other.  For  any  diameter  less  than  that  indicated  by  the  inter- 
section of  line  *S  with  curve  1,  the  pressure  would  be  too  high  for  safe 
working  and  this  point  therefore  indicates  the  minimum  diameter 
and  the  maximum  initial  pressure  that  can  be  adopted  with  one 
station. 

113  On  the  basis  of  the  minimum  diameter  thus  derived,  the  cost 
of  the  line  is  computed,  and  from  the  maximum  pressure  the  power 
required  to  pump  the  gas  is  determined  by  means  of  the  horsepower 
formula,  using  the  proper  value  of  suction  pressure.  From  these 
computations  the  yearly  cost  is  determined  for  a  single-station 
equipment. 

114  Then  an  intermediate  station  is  assumed  to  be  located  mid- 
way of  the  distance.  In  computing  the  relative  pressures  and  diam- 
eters it  is  first  assumed  that  the  intermediate  station  will  pump 
through  a  single  stage  of  3.5  compressions,  corresponding  to  the 
point  of  maximum  compression  efficiency  as  shown  in  Fig.  8.  Under 
this  assumption  the  terminal  pressure  of  the  first  section  of  line  is 
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/>,  =  Zi^0.2855P,     :in(l  P]-Pl  =  0.mHAPl 
3.5 

With  this  valu(^  applied  tt)  tlu^  pipe-line  formula  the  initial  pressure 

for  the  field  station  is  computed,  assuming  it  to  be  the  same  for  both 

stations.     Tiiis   causcvs  the  intermediate  discharge  pressure  to  be 


Number  of  Stations 
Fig.  11     Curve  showing  Yearly  Costs  against  Number  of  Stations 
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slightly  higher  than  would  actually  be  required  to  transmit  the  gas 
through  the  last  section  of  line  with  its  terminal  pressure  at  50  lb., 
but  the  increase  is  small,  and  the  method  insures  the  field  station 
discharge  pressure  being  at  the  proper  value. 

1 1 5  Values  of  pressure  and  diameter  are  plotted  and  the  minimum 
diameter  and  the  maximum  pressure  available  are  taken  from  the 
plot  as  before.  The  h.p.  per  1,000,000  ft.  of  gas  at  the  intermediate 
stations  will  then  be  constant  at  70  h.p.,  corresponding  to  3.5  com- 
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pressioiis,  but  the  power  of  tlie  field  station  must  be  figured  for  its 
proper  ratio  of  compressions. 

IK)  In  the  same  manner  the  y(>arly  cost  is  figured  for  three  and 
four-station  instnllations,  ;ind  it  is  seen  from  Fig.  11,  wiiieh  is  a  plot 
of  yearl}^  costs  against  the  number  of  stations,  that  for  this  particular 
case  the  lowest  cost  is  attained  with  but  two  stations. 

117  Figures  made  with  all  the  conditions  the  same  except  that 
twice  the  quantity  of  gas  is  to  be  delivered,  will  show  that  a  one- 
station  equipment  furnishes  the  most  economical  arrangement. 
Likewise  with  smaller  maximum  quantities  to  be  delivered  through 
the  same  distance,  it  can  be  shown  that  a  greater  number  of  stations, 
with  correspondingly  higher  pressures  and  smaller  line  will  result  in 
the  maximum  economy. 

118  Assuming  the  two-station  layout  and  figuring  yearly  costs 
with  decreasing  initial  line  pressures,  the  curve  in  Fig.  12  results, 
showing  that  for  this  particular  case  the  highest  pressures  safe  to 
use  give  the  maximum  economy. 

119  Having  thus  ascertained  the  most  economical  arrangement, 
it  is  necessary  to  consider  the  question  of  storage  capacity,  and  see 
that  when  the  line  is  packed  the  pressures  and  line  sizes  are  adequate 
to  provide  sufficient  storage  gas  to  take  care  of  the  peak  load. 

120  If  this  is  done  for  the  example  chosen  it  will  be  found  that 
when  the  light  deliveries  are  taking  place  at  night  the  terminal  pres- 
sure will  back  up  to  such  an  extent  that  with  the  intermediate  sta- 
tion discharge  pressure  remaining  constant  the  line  will  fill  with  gas 
to  such  an  extent  that  more  than  sufficient  storage  will  exist  in  the 
line.  This  illustrates  one  distinct  advantage  of  large  lines,  especially 
at  the  terminal  end  of  a  system,  where  the  gas  can  be  stored  at  high 
pressure  near  the  point  of  delivery  and  thus  make  it  possible  to  draw 
on  the  reserve  supply  on  short  notice. 

STATION    DESIGN 

121  In  many  natural  gas  fields,  the  natural  pressure  of  the  gas 
is  sufficient  to  carry  it  to  the  market.  The  pressure  declines,  how- 
ever, as  the  gas  is  withdrawn  from  the  pools,  and  eventually  a  point 
is  reached  when  it  is  necessary  either  to  build  more  pipe  lines  to 
carry  the  gas,  or  to  install  pump  stations  for  raising  the  pressure 
sufficiently  high  to  make  the  existing  lines  serve.  The  principles 
already  set  forth  will  govern  the  choice  in  such  a  case.  Usually, 
however,  the  pump  station  will  be  found  preferable,  for  the  reason 
that  the  assured  continuance  of  the  decline  of  pressure  will  eventually 
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result  in  the  necessity  for  a  station  in  any  event,  and,  if  installed  in 
the  beginning,  it  can  readily  be  adapted  to  suit  changing  conditions. 

122  Since  the  volume  of  gas  increases  as  the  pressure  diminishes, 
the  size  of  line  necessary  to  convey  a  given  quantity  must  increase 
likewise.  Also  the  pressure  drop  becomes  great  under  low-pressure 
conditions.  In  order,  therefore,  to  make  the  work  of  the  com- 
pressors effective  in  producing  a  pull  on  the  wells  without  excessively 
low  suction  pressures  at  the  station,  it  is  necessary  to  have  the  sta- 
tions located  as  near  the  center  of  the  field  as  possible,  thus  reducing 
the  length  of  suction  lines  to  a  minimum.  A  few  miles  added  to  the 
length  of  the  discharge  line  mean  almost  nothing  compared  with 
their  effect  on  the  suction  side.  The  location  of  compressor  stations, 
therefore,  means  not  only  a  study  of  the  conditions  relative  to  water 
supply  and  accessibility,  but  also  of  probable  future  developments 
in  the  gas  production. 

123  While  passing,  it  is  well  to  call  attention  to  the  necessit}^  for 
the  utmost  care  in  making  all  suction  lines  absolutely  tight  to  avoid 
the  possibility  of  air  entering  them,  and  thus  endangering  the  entire 
system,  as  well  as  impairing  the  service. 

124  The  type  of  compressor  in  general  use  for  natural  gas  com- 
pression is  the  ordinary  form  of  reciprocating  air  compressor.  It 
must  be  equipped  with  automatic,  or  "voluntary,"  discharge  valves, 
due  to  the  fact  that  the  expulsion  of  gas  from  the  cylinder  begins  at 
differing  periods  of  the  stroke,  depending  on  the  compression  ratio. 
The  most  satisfactory  suction  valve  is  likewise  of  this  type,  although 
mechanical  suction  valves  have  been  tried  with  varying  degrees  of 
success.  Because  of  the  varying  ratios  of  compression  usually  en- 
countered, it  is  advisable  to  keep  the  clearance  space  in  compressors 
as  small  as  possible,  for  the  higher  the  compression  range,  the  lower 
will  be  the  volumetric  efficiency. 

125  The  design  of  the  station  units  involves  not  only  an  assump- 
tion of  the  volume  of  gas  to  be  pumped,  but  also  the  determination 
of  the  maximum  discharge  pressure  to  be  demanded  of  the  com- 
pressors. 

126  The  quantity  of  gas  is  usuall^y  estimated  from  a  considera- 
tion of  the  expected  demand  for  it,  as  well  as  a  knowledge  of  the 
available  supply.  In  most  fields  there  are  two  general  classes  of 
wells,  designated  as  "high  pressure"  and  "low  pressure,"  the  former 
usually  being  the  new  ones  with  natural  pressures  sufficient  to  permit 
them  to  feed  into  the  lines  "ahead"  of  the  pumps,  that  is,  into  their 
discharge  lines.     The  latter,  or  low-pressure  wells,  are  those  that 
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require  pumping.  Frequently  there  are  wells  with  pressures  too  low 
for  feeding  into  the  high-pressure  discharge,  but  sufficiently  high  to 
feed  the  suction  of  the  high-stage  })umps,  and  by  proper  systems  of 
piping,  this  is  usually  provided  for.  This  naturally  affects  the  station 
design,  as  it  necessitates  the  pumping  of  mor(>  gas  through  the  second 
stage  than  through  the  first,  and  proper  provision  must  be  made  for 
it  by  the  addition  of  the  requisite  number  of  high-stage  units. 

127  No  fixed  value  of  discharge  or  suction  pressures  obtains  in 
the  operation  of  any  natural  gas  pumping  station.  The  variation  in 
these  pressures  throughout  a  single  day  may  cover  a  wide  range  of 
limits,  while  it  is  especially  marked  from  day  to  day  throughout 
the  year.  In  this  respect  the  compression  of  natural  gas  differs 
widely  from  that  of  air  under  the  usual  conditions,  and  presents 
several  additional  problems  not  encountered  in  the  compression  of 
air.  As  relates  to  the  question  of  design,  this  factor  determines  not 
only  the  power  necessary  to  drive  the  compressor  but  also  the  quan- 
tity of  free  gas  a  machine  will  handle,  and  involves  what  is  termed 
the  peak-load  condition  of  power  requirement,  as  was  shown  in  the 
development  of  the  power  formula.  While  it  is  well  to  provide  for 
ample  power  to  drive  the  compressors  under  all  conditions  of  opera- 
tion, the  principle  is  easily  carried  to  absurd  limits,  with  the  ultimate 
result  of  great  loss  in  volumetric  output.  In  some  instances  it  is 
found  necessary  to  pump  gas  with  compression  ranges  varying  from 
two  to  five  or  six.  Under  these  conditions  the  unit  must  be  designed 
to  carry  the  load  over  the  peak,  and  it  will  then  operate  under  any 
and  all  conditions  of  suction  pressure,  with  the  discharge  at  its  proper 
value.  Usually,  however,  this  will  not  be  necessary,  and  then  the 
upper  limit  of  suction  pressure  may  be  estimated,  and,  if  on  occasion 
it  should  greatly  exceed  the  value  for  which  the  units  were  designed, 
it  can  be  reduced  by  throttling  the  gates  on  the  suction  lines. 

128  The  discharge  pressure  to  be  used  in  designing  the  com- 
pressor cylinders  must  be  that  of  maximum  condition,  which  is 
usualh^  at  night  when  the  lines  are  being  packed,  or  stored,  with  gas 
to  provide  sufficient  storage  capacity  to  help  over  the  peak  load 
conditions  in  the  distributing  system. 

129  While  this  maximum  pressure  must  be  used  to  determine 
the  engine  power  required,  the  ratio  of  cylinder  sizes  for  two-stage 
compression  must  conform  more  nearly  to  average  load  conditions, 
in  order  properly  to  equalize  the  work  between  the  two  stages  for 
average  conditions  of  operation.  Once  the  cylinder  diameters  are 
fixed,  the  ratio  of  discharge  to  suction  pressure  of  the  low-stage  unit, 
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or,  in  other  words,  the  ratio  })etween  the  high  and  low-stage  suction 
pressures,  will  b(>  praetically  ind(>pendent  of  the  high-stage  discharge 
pressure.     The  ratio  of  cylinder  diameters   may   be  determined  as 
follows : 
1 30      T.et 

ri  =  the  \()lunie  of  low-pressure  cylinder  per  revolution 
/)i  =  diameter  of  cylinder 
rfi  =  diameter  of  piston  rod 
«i  =  stroke 
/?i  =  speed,  r.p.m. 
ei  =  volumetric  efficiency 
Pi  =  absolute  suction  pressure 
7^1  =  absolute  suction  temperature 
and  let  the  corresponding  letters,  with  sub  h,  apply  to  the  high-stage 
compressor.    Also,  let  Po  and  To  be  the  absolute  pressure  and  tem- 
perature of  any  base  on  which  the  gas  may  be  measured.    Then  the 
actual  quantity  of  gas  pumped  per  minute  referred  to  Po  and  To  will 
be 

P   T  P    T 

Q=y  \  -^  -^  eiwi  =  W  -^  -^  ehWh [54] 

Po  T\  Po  Th 

since  all  the  gas  that  passes  through   the  low-stage  cylinder  must 
be  pumped  through  the  high.  Hence 

\^      Pi         ,.  Ph 

Ti  Th 


But 


and 


Hen(!e 


Ph  ^  F^  ei^  Th  AM 
Pi      Fh  eh  Ti  Wh 


4     \         2/       8 


1551 


t'h=^(2Z);-4) 


1501 


Pi     Sh  (2Z);^-4)  ea  Tm, 

Assuming  the  same  speed  and  stroke  for  both  stages, 

Pu__(2Dl-dl)ei  Tu  ^57] 

P,     {2Dl,-d\,)e^Ti 
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131  From  equation  [57],  it  will  be  seen  that  the  ratio  of  suction 
pressures  in  the  two  stages  depends  upon  the  net  cylinder  areas,  the 
volumetric  efficiencies  and  temperatures  of  the  suction  gas. 

132  If  the  intercooling  is  inefficient,  Th  will  exceed  Ti,  and  the 
discharge  pressure  of  the  low-stage  compressor  (  =  Ph  =  the  high- 
stage  suction)  will  be  raised,  thus  imposing  more  work  on  the  low- 
stage  units.     Usually,  however,  adequate  cooling  can  be  attained, 
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Fig.  13     Curve  showing  Hourly  Pressures  of  Typical  Pumping  Station 

FEEDING  INTO  A  LiNE  120  MiLES  LoNG  DURING  AN   AVERAGE   WiNTER's   DaY 


and  the  ratios  of  temperatures  may  therefore  be  taken  as  one.  Under 
this  assumption  the  compression  ratio  in  the  low-stage  cylinder  be- 
comes equal  to  the  ratio  of  net  effective  areas  of  low  to  high-stage 
cylinders,  that  is,  the  computed  areas  multiplied  by  the  respective 
volumetric  efficiencies. 

133  The  ratio  of  the  diameters  of  the  higli  and  low-stage  cylin- 
ders can  therefore  be  determined  from  equation  [57],  having  fixed 
upon  the  proper  ratio  of  compressions  for  each  stage,  as  determined 
by  average  operating  conditions. 

134  In  order  to  illustrate  the  fact  previously  stated,  that  the 
high-stage  suction  pressure  is  practically  independent  of  its  dis- 
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charge,  Fig.  13  is  given,  showing  a  plot  of  the  hourly  pressures  of  a 
typical  pumping  station  feeding  into  a  line  120  miles  long  during  an 
average  winter's  day. 

135  The  size  of  compressor  cylinder  required  depends  upon  three 
things:  the  quantity  of  gas  to  be  pumped,  the  suction  pressure  at 
which  it  can  be  supplied  to  the  compressor,  and  the  speed  of  the 
compressor. 

136  The  first  of  these  requirements  must  be  ascertained  from 
the  number  of  units  to  be  installed,  and,  in  this  particular,  there 
seems  to  be  a  considerable  difference  of  opinion  among  engineers. 
The  author  believes  that  there  should  be  a  sufficient  number  of 
units,  so  that  in  case  of  a  shutdown  of  any  one  of  them,  the  capacity 
of  the  plant  Avould  not  be  seriously  impaired.  In  fact,  it  is  distinctly 
the  part  of  wisdom  to  provide  one  spare  unit  over  and  above  the 
actual  requirement  under  the  most  severe  conditions.  Natural  gas 
compressors,  unlike  most  other  power  apparatus,  cannot  have  their 
capacity  forced,  for  there  are  only  two  means  of  increasing  it,  namely, 
by  increasing  the  speed,  which  has  a  well  defined  upper  Hmit,  and  by 
raising  the  suction  pressure ;  and  usually,  when  the  greatest  demand 
is  made  on  the  plant,  the  field  is  supplying  all  the  gas  of  which  it  is 
capable,  and  thus  it  is  impossible  to  add  to  this  pressure.  Natural 
gas  companies  are,  as  a  rule,  public  service  corporations,  and  it  is 
absolutely  necessary  to  maintain  the  operation  of  the  stations  con- 
tinuously during  severe  weather  in  order  to  prevent  great  suffering. 

137  Having  given  the  quantity  of  gas  to  be  pumped  and  the 
suction  pressure,  the  required  size  of  the  cylinder  is  readily  computed 
when  the  proper  value  of  volumetric  efficiency  is  assigned. 

138  In  good  modern  compressors  of  large  size  and  long  stroke, 
the  indicated  volumetric  efficiency  may  range  from  98  per  cent  to 
90  per  cent,  depending  upon  the  ratio  of  compressions,  and  the  slip- 
page loss  will  range  from  3  per  cent  to  10  per  cent,  so  that  it  is  not 
unusual  to  find  actual  volumetric  efficiencies  as  high  as  94  per  cent. 
In  the  majority  of  cases,  however,  the  actual  efficiency  will  range 
from  80  to  90  per  cent,  with  85  as  a  fair  average  for  working  con- 
ditions. 

139  The  constantly  growing  demand  for  compressors  of  high 
efficiency  for  natural  gas  compression  has  given  a  considerable  im- 
petus to  improvements  in  design,  which  have  resulted  in  lower 
clearance  spaces  and  improved  valves  and  jacket  cooling,  and  it  is 
entirely  reasonable  to  specify  volumetric  efficiencies  of  90  per  cent, 
or  even  higher,  with  units  of  large  size. 
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140  When  the  actual  volumetric  efficiency  of  a  unit  is  known, 
its  pumping  capacity  can  conveniently  be  determined  from  the 
formula : 

Z)2-'^jll£4^ [58] 


PoT 


where 


Q  =  output,  cu.  ft.  per  min. 
£"  =  volumetric  efficiency  of  compressor 
s  =  stroke,  in. 

D  =  compressor  cylinder  diameter,  in. 
c?  =  compressor  piston  diameter,  in. 
A^  =  revolutions  per  minute 
P  =  suction  pressure,  lb.  per  sq.  in.  absolute 
7"  =  suction  temperature,  absolute 

Po  =  pressure  base  of  gas  measurement,  lb.  per  sq.  in.  abso- 
lute 
To  =  temperature  base,  absolute 

141  This  formula  assumes  that  the  compressor  has  no  tail  rod. 
Should  it  have  one,  the  value  in  the  parenthesis  would  have  to  be 
modified  to  suit.  From  the  formula  the  diameter  necessary  for  any 
given  capacity  can  be  computed  by  substituting  the  known  quan- 
tities in  the  equation. 

142  Usually  the  temperature  of  the  suction  gas  is  assumed  to  be 

the  same  as  that  of  the  measurement  basis  in  stating  the  capacity 

T 
of  a  compressor,  and  hence  the  factor  — °  in  the  formula  is  dropped, 

being  equal  to  1. 

GENERAL  REMARKS 

143  The  problem  of  the  number  of  compressions  to  use  in  the 
determination  of  the  power  required  is  usually  more  or  less  indeter- 
minate and  requires  the  exercise  of  the  judgment  of  the  engineer  in 
each  particular  case,  based  upon  a  knowledge  of  the  field  pressure 
conditions  and  the  probable  discharge  pressure  as  already  discussed. 
The  discharge  pressure  is,  as  shown,  a  matter  of  computation,  but 
the  suction  pressure  may  vary  widely  under  different  conditions. 

144  Compressors  for  natural  gas  w^ere  originally  driven  by  steam 
engines,  but,  owing  to  the  recent  improvements  in  the  design  and 
reliability  of  large  gas  engines,  and  to  their  high  economy,  this  type 
of  prime  mover  is  rapidly  supplanting  the  steam  engine.     Usually 
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the  compressor  is  direct-connected  to  the  engine,  although  there  are 
many  successful  installations  using  the  belt  drive.  Motor-driven 
units  are  rare  however. 

145  The  tendency  in  recent  years  has  been  to  lay  gas  transmis- 
sion lines  with  rubber-packed  sleeve  couplings,  in  sizes  above  4  in. 
In  fact,  it  is  imperative  with  lines  above  10  in.  in  diameter,  owing 
to  the  difficulty  of  making  tight  screw-collar  joints  with  the  larger 
sizes  of  pipe.  Lines  are  usually  designed  for  pressures  as  high  as 
the  pipe  will  stand,  sometimes  exceeding  400  lb.  per  sq.  in.,  and, 
inasmuch  as  the  leakage  is  a  function  of  the  pressure,  irrespective  of 
the  quantity  of  gas  flowing  through  the  line,  it  is  essential  that  the 
pipe  joints  be  made  as  tight  as  possible. 

146  In  using  the  sleeve  type  of  coupling  it  must  be  remembered 
that  it  offers  very  little  resistance  to  end  thrust,  and  proper  pro- 
vision must  be  made  for  anchoring  the  pipe  wherever  it  deviates 
from  a  straight  line,  such  as  making  turns  or  going  over  the  crest  of 
a  knoll. 

147  Heavy  fittings  are  usually  necessary,  not  only  to  stand  the 
gas  pressures,  but  also  to  provide  against  the  enormous  strains  pro- 
duced by  expansion  and  contraction  due  to  temperature  changes  and 
to  frost.  This  is  especially  true  at  compressor  stations  because  of 
the  high  temperatures  due  to  compression,  which  sometimes  reach 
300  deg.  to  350  deg.  fahr.  At  these  stations  it  is  usual  to  provide 
swing-joint  connections;  all  stiff  joints  should  be  avoided,  especially 
where  any  considerable  length  of  pipe  is  involved. 

148  Owing  to  the  possibility  of  leakage  gas  accumulating  in  a 
pump  station  and  endangering  the  plant,  it  is  necessary  to  provide 
adequate  ventilation.  The  method  favored  by  the  author  is  to  have 
the  pump  house  equipped  with  a  monitor,  and  a  fan  installed  in  the 
auxiliary  building,  which  draws  its  supply  of  fresh  air  from  outside, 
over  the  hot  gas  engine  exhaust  pipes  which  are  laid  in  a  conduit  in 
the  pump  house.  The  air  is  then  forced  back  into  the  pump  house, 
thus  providing  both  heat  and  ventilation  without  the  necessity  of 
auxiliary  boilers  or  fires  about  the  premises. 

149  All  buildings  must  be  lighted  by  electricity,  the  generator 
being  installed  in  the  auxiliary  building.  This  generator  is  usually 
of  the  direct-current  type  in  order  to  provide  current  for  charging 
the  storage  batteries  generally  installed  for  ignition  purposes.  The 
auxiliary  building  should  be  from  30  to  40  ft.  away  from  the  main 
pump  house  in  order  to  lessen  the  risk  of  explosion. 

150  All  electric  lamp  sockets  in  the  main  pump  house  should  be 
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of  the  keyless  type,  and  all  electric  swatches  should  be  enclosed. 
Care  should  be  taken  to  exclude  any  pockets  under  the  pump-house 
floor  or  elsewhere  where  gas  might  collect. 

151  In  piping  up  gas  compressor  cylinders  it  is  strongly  advisable 
to  provide  a  by-pass  for  use  in  starting,  especially  with  gas  engine 
driven  units;  and  also  an  automatic  safety  valve,  connected  to  the 
discharge  pipe  between  the  compressor  cylinder  and  the  first  gate. 
There  have  been  several  instances  where  compressors  have  been 
destroyed  by  attempting  to  start  with  a  closed  discharge  gate,  and 
this  precaution  is  most  necessary.  Such  relief  valves  should  have 
ample  capacity  to  pass  all  the  gas  the  compressor  might  discharge, 
and  should  be  tested  at  regular  intervals  to  insure  their  being  in  an 
operative  condition  at  all  times.  They  are  fully  as  important  as  a 
safety  valve  on  a  boiler. 

152  Two-stage  pumping  stations  should  be  provided  with  both 
inter-coolers  and  after-coolers,  which  are  usually  composed  of  net- 
works of  pipe  immersed  in  a  pond  or  reservoir  adjoining  the  station. 
Drips  should  be  connected  at  the  discharge  end  of  all  coolers,  in 
order  to  collect  and  dispose  of  the  gasolene  which  usually  is  produced 
by  the  process  of  compressing  and  cooling  natural  gas. 

153  These  drips  are  sometimes  provided  on  an  elaborate  scale, 
where  it  is  found  that  the  gasolene  production  is  sufficiently  large  to 
warrant  collecting  and  selling  it,  and  in  some  cases  refining  plants 
are  installed  for  rendering  the  gasolene  fit  for  the  market. 

154  It  is  important  to  extract  all  of  this  gasolene  from  the  lines, 
as  otherwise  it  will  collect  in  depressions  and  "freeze,"  completely 
plugging  the  line.  The  secret  of  getting  out  the  gasolene  is  so  to 
build  the  after-cooler  as  to  cause  the  flow  of  gas  to  be  greatly  re- 
tarded, when  the  liquid  may  be  extracted  by  proper  separators. 

155  By-pass  connections  should  be  provided  around  the  coolers 
in  order  to  enable  the  plant  to  discharge  its  gas  direct  into  the  lines 
in  case  of  leakage  in  the  coolers. 

156  All  station  piping  should  be  "flexible,"  so  as  to  permit  opera- 
tion with  various  systems  of  connection,  and  should  be  arranged  in 
such  a  manner  that  the  plant  can  be  tested  with  ease. 


THE    EFFICIENCY    OF  CONTROL  SYSTEMS  IN 
FLYING  MACHINES 

At  the  meeting  of  the  Society  held  in  Boston  on  February  16,  1912, 
a  paper  was  presented  by  Albert  A.  MerrilP  on  The  Efficiency  of 
Control  Systems  in  Flying  Machines. ^ 

The  first  question  to  be  considered  is  the  movement  of  the  levers 
connected  mth  the  control  surfaces.  The  movement  of  these  levers 
should  be  instinctive,  that  is,  they  should  be  such  as  one  would 
make  without  being  taught.  To  lower  the  front  of  the  machine  the 
lever  should  be  moved  forward,  to  raise  the  front  it  should  be  moved 
backward.  This  is  done  in  all  machines  and  there  is  never  any 
danger  of  making  a  false  movement  with  the  fore  and  aft  control. 
"WTien  the  machine  tips  laterally,  the  lever  should  be  moved  towards 
the  high  side  as,  when  tipping  over,  it  is  instinctiv(^  to  move  towards 
1  he  high  side. 

In  many  machines  this  method  is  used,  but  in  some,  notably  in 
the  Wright  machine,  lateral  control  is  obtained  by  a  fore  and  aft  move- 
ment of  the  lever.  It  can  not  be  considered  the  best  system,  however, 
since  it  is  not  an  instinctive  motion  and  when  placed  in  a  dangerous 
position  a  man  might  not  make  the  correct  movement.  The  Wrights 
use  this  system  because  it  requires  considerable  pressure  to  warp 
the  wings  of  their  machine  and  more  pressure  can  be  delivered  by 
the  arm  with  a  fore  and  aft  motion  than  with  a  lateral  motion. 
However,  the  work  of  the  Farman  and  Curtiss  machines  shows  that 
ailerons  will  maintain  lateral  -  stability  as  well  as  warping  wings, 
and  as  it  takes  but  little  pressure  to  move  ailerons  a  lateral  motion 
will  give  all  the  pressure  needed. 

Let  us  consider  the  aerodynamic  efficiency  of  control  surfaces  in 
reference  to  the  lift  and  drift  of  these  surfaces.  By  lift  is  meant 
that  component  of  the  normal  pressure  at  right  angles  to  the  line 
of  flight,  and  by  drift,  that  component  parallel  to  the  line  of  flight. 

1  Brookline,  Mass. 

2  Published  in  abstract  only.  Complete  report  may  be  consulted  in  the  rooms 
of  the  Society. 
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If  two  curves  are  drawn  representing  the  lift  and  drift  of  a  plane 
surface  at  all  angles  from  0  to  90  deg.,  it  \vill  be  found  that  the  lift 
component  increases  rapidly  from  0  to  about  20  deg.,  slowly  from 
that  angle  to  about  35  deg.  and  then  drops  rapidly  to  nothing  at  90 
deg.  The  drift  component  on  the  other  hand  increases  constantly 
from  0  to  90  deg.  These  two  curves  show  that  the  maximum  pressure 
that  can  be  given  ])y  a  surface  is  its  drift  at  90  deg.  Moreover,  only 
at  small  angles  can  its  lift  be  utilized  efficiently,  since  with  an  in- 
crease of  the  angle,  the  drift  increases,  and  this  drift  tends  to  reduce 
the  total  lift  by  reducing  the  speed.  It  follows  therefore  that  all 
control  surfaces  should  he  placed  where  their  drift  can   be  utilized. 

The  first  practical  application  of  this  is  to  the  rudder.  As  now 
placed  at  the  rear,  only  the  lift  component  is  used  for  turning,  the 
drift  component  acting  as  a  drag  and  retarding  the  speed  of  the 
machine  and  consuming  power.  The  place  for  the  rudder  is  not  at 
the  rear,  but  at  the  tips  of  the  wings,  because  when  placed  at  the 
tips,  both  components  are  utilized.  In  this  position,  the  drift  com- 
ponent turns  the  machine  and  the  lift  component  tends  to  prevent 
skidding,  thus  reducing  the  required  angle  of  banking.  Rudders 
thus  placed  will  satisfy  the  requirement  that  control  surfaces  should 
be  placed  where  their  drift  can  be  utihzed. 

The  three  common  systems  now  in  use  violate  the  requirement 
regarding  control  surfaces  as  just  stated.  The  Wright  system  con- 
sists of  means  for  increasing  the  positive  angle  of  the  wing  to  be 
raised,  decreasing  the  positive  angle  of  the  wing  to  be  lowered,  and 
turning  the  rudder  towards  that  wing,  having  the  lesser  angle  of 
incidence.  The  Farman  system  consists  in  increasing  the  positive 
angle  of  an  aileron  on  the  wing  to  be  raised  and  turning  the  rudder 
towards  the  other  wing.  The  Curtiss  system  consists  in  increasing 
the  positive  angle  of  an  aileron  on  the  wing  to  be  raised  and  turning 
not  the  rudder,  but  another  aileron  on  the  other  wing  to  a  negative 
angle  so  as  to  produce  the  necessary  offsetting  backward  pressure. 

The  point  common  to  all  is  that  the  positive  angle  of  the  wing  or 
aileron,  which  it  is  desired  to  raise  is  increased  and  a  backward 
pressure  on  that  wing  or  aileron  thus  introduced.  This  backward 
pressure  of  course  reduces  the  speed  of  the  affected  side,  and  unless 
the  speed  of  the  other  side  is  reduced  equally,  the  side  desired  to  be 
raised  will  fall.  It  follows  that  in  these  systems  the  control  surfaces 
are  placed  in  such  a  position  that  the  drift  can  not  be  utilized  but 
must  be  offset,  which  offset  is  made  either  with  a  rudder  or  another 
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aileron.  It  is  well  to  remember  that  pressures  vary  as  the  square  of 
the  speed  and  that  a  change  of  angle  has  little  effect  on  lift  compared 
to  the  effect  of  a  change  of  speed.  Thus  if  the  angle  is  doubled,  say 
a  change  from  4  to  8  deg.,  an  increase  of  lift  of  only  27  per  cent  will 
result;  but  if  the  speed  is  doubled,  four  times  the  lift  is  obtained. 
It  follow^s  therefore  that  the  difference  in  speed  between  the  wing 
tips  is  of  more  importance  than  the  difference  in  the  angles  of  in- 
cidence. Broadly  speaking,  the  three  systems  referred  to  are  simi- 
lar and  all  three  are  inefficient  in  so  far  as  they  introduce  a  force, 
drift,  which  can  not  be  used  but  must  be  offset. 

The  error  lies  in  attempting  to  raise  the  wing.  It  is  impossible  to 
do  this  without  introducing  drift,  which  antagonizes  the  lift  compon- 
ent. ^Vhen  a  flying  machine  loses  its  lateral  stability  nothing  should 
be  done  to  the  low  side,  all  attention  should  be  devoted  to  the  best 
way  of  introducing  a  downward  and  backward  pressure  on  the  high 
side.  This  can  be  done  in  a  way  which  is  exactly  the  reverse  of  the 
Far  man  system:  Have  the  ailerons  movable  only  to  a  negative 
angle  and  only  on  one  side  at  a  time,  then  always  move  the  aileron 
on  the  high  side.  This  is  the  simplest  possible  system,  both  mechan- 
ically and  aerodynamically;  the  lift  component  will  be  downward 
and  will  lower  the  wing  directly,  while  the  drift  component  can  be 
used  because  it  comes  on  the  high  side  and  will  retard,  and  hence 
lower,  that  side.  The  drift  is  used,  no  offset  is  needed,  and  moreover, 
there  is  no  danger  from  over-control  because,  no  matter  how  large 
a  drift  is  introduced,  from  too  great  a  movement  of  the  aileron,  it 
always  helps  to  produce  the  desired  result.  This  is  not  true  of  the 
drift  component  of  the  other  systems.  The  writer  feels  sure  that  in 
time  a  system  of  control  based  upon  this  principle  will  drive  out  all 
other  systems,  for  it  is  essential  to  stability  systems  that  no  force 
which  can  not  be  used  shall  be  introduced. 

Turning  now  to  the  question  of  fore  and  aft  control  and  starting 
with  the  fundamental  lift  and  drift  curves,  if  a  horizontal  line  is 
drawn  at  that  point  where  the  drift  equals  the  thrust,  and  a  new  Hft 
curve  computed,  assuming  the  thrust  and  hence  the  drift  constant,  but 
the  angle  increasing  it  will  be  seen  that  the  lift  drops  off  very  rapidly 
with  every  increase  in  the  angle  of  incidence.  From  this  new  curve 
three  angles  show  important  data:  the  minimum  flying  angle,  which 
is  the  lowest  angle  at  which  the  machine  will  fly;  the  climbing  angle, 
which  is  the  angle  at  which  the  machine  will  climb  most  rapidly; 
and  the  stalling  angle,  which  is  the  maximum  angle  at  which  the 
machine  will.  fly.     Safe  flying  means  that  the  angle  of  incidence  must 
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be  kept  between  the  minimum  and  ttie  stalling  angles  and  since 
with  any  but  the  highest  powered  machines  the  difference  between 
these  two  angles  is  small  there  is  constant  danger  of  stalling  and 
having  an  accident.  For  this  reason  one  ought  always  to  have  a 
good  clinometer  on  the  machine  so  as  to  know  at  a  glance  his  flying 
angle.  Except  for  this  danger  of  stalUng,  fore  and  aft  stabiUty 
seems  to  be  easier  to  maintain  than  lateral  stability,  partly  because 
when  lateral  stability  is  lost  the  machine  may  start  sliding  sideways 
and  this  introduces  very  grave  dangers. 

Many  inventors  have  proposed  to  use  vertical  surfaces  to  prevent 
this  sliding,  others  have  proposed  the  use  of  the  dihedral  angle,  but 
to  all  such  proposals  there  is  a  fundamental  objection,  which  is  that 
such  systems  do  not  begin  to  work  until  the  machine  has  already 
begun  to  slide,  whereas  a  control  system  should  anticipate  the  action 
it  is  designed  to  prevent. 

To  sum  up  then  the  three  important  points  regarding  control 
systems:  first  the  lever  should  be  moved  towards  that  part  of  the 
machine  it  is  desired  to  lower;  secondly  all  control  surfaces  should 
be  placed  if  possible  where  the  drift  component  can  be  utilized;  and 
thirdly  a  control  system  should  anticipate  the  action  it  is  desired  to 
prevent. 


FLOUR  MILLING  AND  MILL  ENGINEERING 

At  the  meeting  of  the  Society  held  in  Philadelphia,  March  30, 
1912,  a  paper  was  presented  by  B.  W.  Dedrick,  instructor  of  milling 
and  mill  engineering,  Pennsylvania  State  College,  State  College, 
Pa.,  oil  Flour  Milling  and  Mill  Engineering.^ 

The  ancient  builder  of  mills  was  called  the  millwright,  and,  even 
up  to  comparatively  modern  times,  was  the  only  person  capable  of 
designing,  building,  and  placing  machinery  and  planning  buildings 
for  their  accommodation,  not  only  of  flour  mills,  but  factories  or 
whatever  machinery  was  employed. 

The  modern  flour  mill  building  does  not  depart  radically  from 
other  buildings  designed  for  the  reception  and  operation  of  heavy 
machinery,  but  the  height  of  building  and  floors  is  given  more  con- 
sideration. Mill  buildings  are  usually  carried  up  three,  four,  five 
or  more  stories  above  the  basement.  It  is  necessary  and  better 
economy  to  have  sufficient  height  in  order  to  place  certain  machines 
one  above  the  other,  so  as  to  take  advantage  of  the  force  of  gravity 
in  the  handling  of  stock.  In  designing  mill  buildings,  the  engineer 
must  also  take  into  consideration  the  great  weight  to  be  supported, 
not  only  of  the  heavy  and  numerous  machines  required  and  their 
driving  connectors,  spouts  and  bins,  but  of  the  grain  and  flour  that 
is  kept  within  the  building.  Besides,  in  the  modern  mill  nearly  all 
machines  used  are  rapidly  revolving,  and  if  improperly  placed  or 
balanced,  are  particularly  hard  on  a  building,  causing  a  perceptible 
weaving  motion  or  tremor.  The  floors  have  to  be  of  proper  height 
to  give  sufficient  pitch  or  incline  to  spouts,  for  if  the  spout  is  too 
flat  or  of  insufiicient  pitch,  the  flour  or  other  material  will  not  run 
do-wn,  but  choke  or  clog.  The  flour  mill  building,  especially  on  the 
grinding  and  bolting  floors,  should  be  well  lighted  by  a  sufficient 
number  of  windows  in  day  time,  and  electric  or  other  good  light  at 
night,  for  it  is  necessary .  frequently  to  inspect  the  flour  and  other 
stock,  and  a  good  steady  and  bright  light  is  absolutely  essential  to 
detect  the  extremely  close  shades  in  the  color  of  flour,  and  compare 
it  with  the  standard  samples. 

*  Published  in  abstract  only.  Complete  report  may  be  consulted  in  the 
rooms  of  the  Society. 
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Practically  the  first  step  of  the  wheat  in  the  mill  is  in  the  separators, 
of  which  there  are  usually  two :  the  receiving,  that  rough  cleans  the 
grain  as  it  comes  into  the  mill,  taking  out  straws,  wheat  heads, 
sticks,  oats,  seeds  and  other  trash;  and  the  milling  separator,  that 
handles  the  wheat,  cleaned  almost  entirely  of  foreign  matter, 
making  a  closer  and  finer  separation  of  the  wheat,  taking  out  any 
remaining  oats,  white  caps,  joints  and  seeds  left  over  by  the  receiv- 
ing separator.  The  light  and  imperfect  wheat  is  drawn  out  by  air 
current.  From  the  separators  the  thoroughly  cleaned  wheat  goes 
to  the  scourer  which  has  a  cylinder  or  series  of  blades  or  beaters 
revolving  very  rapidly,  from  500  to  700  revolutions.  These  beaters 
throw  the  grain  against  the  ''case"  which  may  be  simply  of  heavy 
woven  wire,  the  mesh  or  openings  bemg  small  enough  to  prevent 
even  the  smallest  berry  from  passing  through,  but  allowing  pieces  of 
bran,  chit  or  seed  to  be  forced  through,  to  settle  in  the  hopper  below, 
or  to  be  dra^\Ti  into  the  fan. 

The  effect  of  the  beaters  throwing  the  wheat  against  the  rough 
casing  at  varying  angles  is  to  scour  off  the  beards,  exterior  dirt  and, 
in  case  of  severe  scouring,  the  outside  cuticle  or  woody  covering, 
all  this  being  forced  through  the  openings  of  the  case,  with  the  beaters 
acting  as  blowing  fans.  In  both  cases  of  the  separator  and  scourer, 
the  wheat  is  subjected  to  a  current  of  air  or  suction  at  the  receiving 
end  and  again  on  leaving  the  machine;  this  takes  out  the  lighter 
wheat  and  remaining  dust.  On  their  passage  to  the  fan,  the  heavier 
grains  are  arrested  when  they  get  into  the  tips  where  the  expanding 
air  loses  some  of  its  force,  and  cannot  carry  them  farther,  so  they 
fall  of  their  owai  weight  into  what  is  called  "the  screening  tips." 
In  some  mills  wheat  that  contains  a  great  deal  of  cockle  seed  is  passed 
through  a  cockle-cylinder  which  removes  seed  more  perfectly. 
Mills  that  use  wheat  containing  a  good  deal  of  snnit  or  contaminated 
by  smut,  wash  the  wheat  in  machines  for  that  purpose,  after  which 
it  is  dried  and  again  scoured  and  tempered  before  going  to  the  rolls. 

A  modern  roll  called  ;i  "  double  stand  "  consists  of  two  pairs, 
one  on  each  side.  If  each  pair  handles  different  material  as  they 
do  in  smaller  mills,  a  jjartition  below  the  rolls  practically  makes 
each  a  distinct  pair. 

The  rolls  are  carried  on  bearings,  which  are  rigid  for  one  roll  and 
movable  or  free  for  the  other,  allowing  this  roll  to  be  adjusted  closer 
to  or  further  apart  from  the  other  roll  according  to  the  fineness 
desired  to  break  or  crush  the  stock  passing  between  the  rolls. 
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The  arms  of  the  movable  roll  are  pivoted  below  on  eccentric  bear- 
ings, one  on  each  side  of  the  roll  frame.  The  tramming  or  bringing 
the  rolls  into  level  is  accomplished  by  means  of  turning  this  eccen- 
tric bolt,  and  then  locked  by  a  nut,  but  the  arm  is  allowed  to  move 
or  swing  freely  as  in  adjusting  the  rolls  or  spreading  them  apart,  by 
the  lever,  when  shutting  do^\'n  or  when  the  roll  runs  empty.  The 
arm  at  the  top  carries  a  recess  which  contains  a  heavy  coil  spring, 
which  bears  against  the  inner  closed  end,  and  against  the  wheel  at 
the  outer  end.  The  rod  passing  through  is  the  adjusting  or  lighter, 
corresponding  to  that  of  the  millstone.  At  the  outer  end  is  the  hand 
wheel  used  to  compress  the  spring  and  thus  stiffen  or  increase  the 
tension.  The  inner  hand  wheel  is  the  adjustor.  By  turning  the 
wheel  left  or  right,  or  forward  on  the  threaded  rod,  it  permits  the 
rolls  to  close  up;  turning  it  in  the  opposite  direction,  spreads  the 
rolls  apart.  Passing  through  the  center  under  the  feeder  housing 
is  a  small  shaft  to  which  is  attached  a  lever.  There  are  two  pairs 
of  eccentrics  on  each  end,  to  which  are  attached  the  adjusting  rods 
by  their  yokes.  The  movement  of  the  lever  in  one  direction 
throws  both  the  movable  rolls  from  their  mates  simultaneously 
at  both  ends,  and  vice  versa,  brings  them  back  to  position. 

Each  pair  of  rolls  has  a  fast  and  slow  roll.  In  order  to  grind  or 
crush  with  effect,  there  must  be  more  or  less  of  a  rending  or  tearing 
action,  and  for  this  reason  the  rolls  are  given  "differentials"  in  speed, 
the  most  common  differentials  used  being  2^  to  1  for  break  rolls 
on  wheat,  to  1|  to  Ij  to  1  on  the  middling  reduction  rolls,  which 
are  smooth  almost  without  exception,  though  very  finely  corrugated, 
or  scratch  rolls  are  sometimes  used  on  the  first  clean  middhngs. 

There  are  several  types  of  bolters  or  sifters.  The  hexagon  or  six- 
sided  rpej  is  the  oldest  type  of  bolter  still  used,  but  its  a.rtion  in  bolt- 
ing is  rather  harsh.  The  round  reel  dresser  is  gentler  in  action,  and 
likp  the  hexagon,  is  slow  in  running.  'M)  revolutions  being  the  mean. 
The  rentrifugal  reel  is  used  only  on  very  soft,  flaky  material,  for  its 
dismtegrating  effect.  The  gyrating  type  of  sifter  is  altogether  con- 
sidered to  be  the  best  and  most  gentle  of  all.  The  action  of  the 
gyrating  sieves  is  to  compel  the  stock  to  travel  spirally  on  the  surface 
of  the  flat  sieve  and  on  top  of  the  silk,  so  as  to  bring  the  lighter, 
fluffier  and  impure  parts  on  top  of  the  traveling  stream  and  hold 
them  there  until  they  tail  off,  the  purer  going  through  the  cloth. 
\^arious  means  or  devices  are  used  to  keep  the  meshes  of  the  cloth 
open. 
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From  there  the  wheat  goes  to  purifiers.  In  the  old  flat  grinding 
process  all  the  flour  possible  was  made  at  one  and  the  first  grinding. 
This  system  was  very  simple,  consisting  of  a  rolling  screen,  a  smutter, 
a  pair  of  burrs,  one  or  two  long  reels,  and  a  couple  of  elevators. 
Some  middling  or  semolinas  were  made,  but  of  such  a  character  and 
containing  so  much  fine  bran  or  germs  that  when  these  middlings 
were  reground  on  stone  and  bolted,  it  made  an  inferior  flour  as  com- 
pared with  the  first,  or  superfine,  produced  in  the  grind  of  the  wheat 
itself.  The  invention  of  a  successful  middlings  purifier  changed 
all  that.  From  seeking  to  grind  low,  making  no  middlings  or  as  little 
as  possible,  it  now  became  the  object  to  grind  higher,  cut  the  bran 
as  little,  and  make  as  much  middlings  as  possible.  The  miller  reduced 
the  feed  on  the  stone  by  half,  bestowed  more  skill  and  patience  in 
dressing  the  burr,  giving  smoother  surfaces  and  grinding  higher  and 
cooler  with  a  millstone;  he  thus  produced  middlings  that  after  being 
purified  and  then  ground  separately  on  stones  and  bolted,  made  flour 
superior  to  the  "first"  or  "clear"  flour  produced,  from  the  grinding 
of  the  wheat  itself.  This  flour  produced  from  the  purified  middlings 
was  called  "New  Process"  or  "Patent"  flour. 

The  different  grades  of  middlings,  after  being  purified,  are  crushed 
on  the  smooth  rolls  and  then  sent  to  different  sections  of  the  sifter 
and  sometimes  to  reels,  as  in  the  last  roll  reduction.  With  each 
reduction  and  subsequent  separation  of  bolting,  there  is  a  certain 
amount  of  flour  sifted  out,  and  as  a  natural  consequence  there  is  an 
increased  proportion  of  impurities  to  be  handled  on  the  next  reduc- 
tion and  separation,  so  that  the  tendency  is  for  the  flour  to  be  less 
white  and  clear,  and  partially  to  counteract  this  tendency  it  is  neces- 
sary to  have  the  cloths  finer  and  finer.  After  certain  reductions  the 
tailings  may  be  of  such  a  nature  as  not  to  require  further  handling, 
and  are  sent  direct  to  feed  as  finished,  while  those  containing  any 
floury  parts  are  again  reduced  and  sifted,  the  final  results  being 
flour,  bran  and  shorts. 

The  paper  contained  also  a  detailed  discussion  of  the  capacity 
of  machines  and  weights,  and  a  description  of  the  model  mill  to  be 
built  at  Pennsylvania  State  College,  State  College,  Pa.,  to  give 
students  the  practical  part  of  milling,  and  for  experimental  purposes 
in  the  way  of  testing  the  different  kinds  of  wheat,  to  ascertain  the 
bread  making  qualities  of  the  flour;  baking  and  chemical  tests  of 
flour  and  grain,  and  experimentation  with  various  machines  as  to 
efficiency,  power  absorbed,  etc. 
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DISCUSSION 

In  the  discussion  which  followed,  Mr.  Wilson  W.  Welsh  gave  some 
reminiscences  of  Philadelphia  milling  in  the  early  sixties,  including 
a  list  of  mills  in  existence  at  that  time.  Philadelphia  of  today  has 
lost  its  former  prestige  as  a  milling  center.  From  the  early  sixties 
the  West  was  growing  and  built  new  mills,  and  was  adopting  all  the 
latest  improvements,  while  the  eastern  mills  held  back.  The  result 
was  that  the  West  gained  control  in  the  eastern  markets,  and  not  until 
within  the  last  twenty-five  years  did  the  Eastern  millers  wake  up  to 
the  fact  that  they  must  keep  pace  with  these  improvements  in  order 
to  retain  their  markets  or  draw  even  a  small  share  of  the  business. 
The  failure  to  adopt  the  improvements  as  they  came  forward  was  the 
cause  of  the  decrease  of  milling  in  the  East,  not  only  in  Philadelphia, 
but  throughout  the  states  of  Pennsylvania,  New  York  and  Mary- 
land. Now  the  situation  has  changed,  the  Eastern  millers  are  alive 
to  the  necessitj^  of  adopting  improvements,  and  are  gaining  ground. 

Prof.  J.  P.  Jackson  drew  a  parallel  between  the  development  of 
the  study  of  metallurgy  and  that  of  the  production  of  breadstuffs. 
Five  or  six  years  ago  it  seemed  as  if  we  had  reached  the  limit  in  the 
production  of  iron  and  steel  in  the  quality  of  material,  but  the  study 
of  metallurgy  went  ahead,  and  today  it  looks  as  though  w(^  are  only 
at  the  starting  point.  In  the  study  of  the  production  of  foodstuffs 
this  country  has  fallen  behind  Germany,  but  is  going  to  be  first  again. 
It  seems  necessary  and  desirable  to  make  some  center  where  there 
would  be  a  radiating  influence  or  source  of  information  from  which 
an  advantageous  study  of  milling  processes  could  be  carried  on, 
and  where  a  young  man  could  be  prepared  to  go  into  the  mills  to 
work  and  advance  their  efficiencies.  With  regard  to  industrial  train- 
ing generally,  the  speaker  wanted  to  see  an  opportunity  for  every 
boy,  who  was  not  going  to  take  up  professional  work,  to  have  a 
chance  to  use  his  hands  as  well  as  his  brain. 

Mr.  H.  V.  White^  told  the  story  of  how  he  and  the  Pennsylvania 
Millers'  Association  had  attempted  to  secure  from  the  state  legis- 
lature a  grant  of  funds  for  putting  up  the  model  mill  described  by 
the- speaker  of  the  evening,  and  emphasized  the  importance  of  such 
a  mill.  No  one  scarcely  knows  what  scientific  knowledge  is  necessary 
to  drive  a  mill.  A  man  who  goes  into  a  large  mill  today  to  learn  mill- 
ing is  specialized  and  works  in  a  groove,  and  may  work  for  a  dozen 
or  more  years  without  becoming  a  miller;  he  learns  but  one  side  of 
that  work,  and  only  few  get  down  to  the  mechanics  of  milling. 

I  President,  Pennsylvania  Millers'  Association. 
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The  aim  of  the  Foreign  Review  is  to  present,  within  the  available 
space,  the  main  data  contained  in  the  articles  indexed.  Where  pos- 
sible, reference  is  made  to  English  or  American  publications  con- 
taining fuller  information  on  the  subject  treated.  Measures  are 
given  both  in  original  units  and  their  English  equivalents.  In 
many  instances,  engravings  and  tables  are  reproduced.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  Artie  les  are 
classified  as  c  comparative;  d  descriptive;  e  experimental;  g  gen- 
eral; h  historical;  m  mathematical;  p  practical;  t  theoretical.  Art- 
icles of  exceptional  merit  are  rated  A  by  the  reviewer. 

AeronantlcE 

WiNDKRiFTE    AN    EBENEN    UND    GEWOLBTEN    FLATTEN.       DrAHTWIDERSTAND, 

O.  Foppl.  Zeit.  fiir  Flugtechnik  und  Motorlnftschitfahrt,  March  16,  1912. 
3%  pp.,  10  figs.  eA.  Data  of  tests  on  the  action  of  wind  on  flat  and  curved 
surfaces  and  resistance  of  wires  made  in  the  Laboratory  for  Testing  Models 
at  Gfottingen,  and  comparison  of  these  data  with  those  obtained  by  other 
experimenters. 

Motore  "  EoLO.''  Annali  della  Societa  degli  Ingegneri  ed  Architetti, 
October  16,  1911  (quoted  from  Annales  des  Fonts  et  Chauss^es,  January 
February,  1912).  d.  This  motor,  invented  by  Landriani  and  Carnaghi,  for 
use  in  aviation,  consists  essentially  of  a  cylinder  C  (Fig.  1)  turning  around 
a  transversal  axis  A  and  provided  with  two  pistons  P  enclosing  a  chamber 
iS  of  variable  volume;  each  piston  has  a  piston  rod  terminating  with  a 
guide-pulley  R  running  along  a  closed  curve  with  center  on  the  transversal 
axis  A.  If  an  explosion  occur  in  the  chamber  8  when  the  cylinder  is  in 
one  of  its  intermediary  positions,  the  tangential  components  of  the  pres- 
sures transmitted  to  the  guide  pulleys  will  form  a  couple  which  will  cause 
the  cylinder  to  rotate  around  the  axis  A.  If  the  area  of  the  curve  be  di- 
\ided  into  four  quarters,  as  shown  in  the  figure,  the  total  cycle  will  con- 
sist of  admission  of  the  mixture  in  quarter  I,  compression  in  II,  explosion 
in  III,  and  exhaust  in  IV. 

Sur  le  GYROPTfeRE,  Papin  and  Rouilly.  Comptes  rendus  des  stances  de 
VAcademie  des  Sciences,  March  4,  1912.  ly^  pp.  d.  Exposition  of  prin- 
ciples of  construction  and  description  of  a  new  type  of  aircraft.  A  gyrop- 
ter  is  a  single-screw  helicopter  in  which  the  fulcrum  for  the  formation  of 
the  motor  couple  is  provided  not  by  a  second  screw  as  has  been  usually 
done,  but  simply  hy  the  resistance  of  the  surrounding  air,  by  means  of 
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compressed  air  jets,  these  jets  acting  on  the  propeller  screw  in  the  same 
way  as  steam  jets  in  a  wind  valve.  The  principle  of  the  apparatus,  and 
particularly  that  of  the  consti-uction  of  the  screw,  has  been  borrowed  from 
the  f<ec(l -carry in fj  leaf  of  the  sycamore,  the  screw  (Fig.  2)  being  single- 
bladed,  and  having  its  center  of  gyration  practically  independent  of  the 
speed  according  to  general  laws  governing  the  equilibrium  of  non-symmet- 
rical bodies  rotating  in  space,  such  as  lassos  and  boomerangs.  In  this 
apparatus  the  center  of  gyration  is  located  in  the  car,  which  is  enclosed 
in  the  body  of  the  apparatus,  supported  and  guided  by  it,  but  at  the  same 
time  free  to  preserve  its  relative  immobility',  or  to  have  its  position  con- 


FiG.  1     "  EoLO  "  Aviation  Motor 


Fig.    2     Gyropter    or    Single-Screw    Helicopter    (Constructed    ox    the 
Principle  of  a  Sycamore  Leae) 


trolled  by  tlie  aviator.  Should  the  motor  suddenly  stop,  the  gyropter,  ow- 
ing to  its  distribution  of  weight  and  convenient  choice  of  angles  of  planes, 
will  automatically  take  a  position  such  as  to  produce  the  slowest  possible 
rate  of  fall  as  is  done  by  the  sycamore  leaf.  To  rise,- a  convenient  in- 
clination must  be  produced,  while  the  horizontal  progression  requires  an- 
other inclination  of  the  axis  of  the  screw,  which  acts  thus  either  as  an 
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elevating,  or  a«!  a  drivinir  propeller,  or  in  both  capacities  at  once.  The 
article  does  not  state  whether  the  jryropter  has  been  tested  in  actual  flight. 
or  what  the  size  of  the  model  constructed  was. 

Hydbaulische   Hohensteuerung    und    Stabtlisterung   der   Flugzeuqe. 
Don.1t  BAnki.     Zcitfi.  fiir  Fluqtechmk  nnd  Motorluft/^chiffanrt,  March  16. 
1912.    8%  pp..  3  figs.     (!.  Description  of  a  new  hydraulic  staMlizer  for  air- 
craft.    The  author  started  with  the  idea  that  all  stabilizers  based  on  the 
use  of  what  he  calls  geodetic  direction  must  be  failures  because  the  action 
of  masses  produces  oscillations  which  have  to  be  suppressed  at  the  ex- 
pense of  sensitiveness  of  the  apparatus.    In  RAnki's  system  of  stabilization 
the  whole  control  is  located  in  the  steering  wheel,  the  airship  being  turned 
right  and   left  by  moving  the  wheel  within   the  horizontal   plane  as  in 
an  automobile,  while  by  changing  the  plane  of  the  wheel  itself  the  up  and 
down  motion  of  the  ship  is  controlled:  to  do  this,  a  system  of  servomotors 
is  installed,  keeping  the  plane  of  the  ship  always  parallel   to  the  plane 
of  the  steering  wheel.      There  was,  however,   another  difficulty   to  over- 
come.    When  the  airship  has  been  tilted  by  the  action,  say.  of  the  air 
current,   and   the   servomotor   begins   to   act   to   set   it   straight,    the   op- 
position   produced    by    it   to   the   tilting   action    of   the   air   current    will 
grow  until  that  action  is  overcome.    It  will  not,  however,  stop  right  then, 
but  continue  to  act.  and.  as  a  result,  will  tend  to  tilt  the  motor  the  other 
way.    Then  the  stabilizer  will  begin  to  act  In  the  other  direction,  and  the 
process  will  be  repeated,  the  aircraft  meanwhile  being  sub.iect  to  more  or 
less  violent  oscillations.     The  essential  part  of  B^nki's.  construction  for 
bringing  back  the  ship  into  its  original  position  is  a  lever  of  which  the 
"  three  fulcra  "  are  connected  with  the  adjusting  gear  of  the  governor,  the 
distributing  valve,  and  the  cylinder  of  the  servomotor.    These  three  fulcra, 
or  points,  may  be  designated  by  a,  1)  and  c.    When  the  ship  tilts,  the  gov- 
ernor gear  displaces  a,  and  causes  the  lever  to  rotate  about  c,  thus  bring- 
ing the  point  connected  with  the  distributing  valve  out  of  its  middle  posi- 
tion.    This  causes  the  motion  of  the  cylinder  of  the  servomotor  and  point 
c,  and  thus  rotation  of  the  lever  about  the  point  a.     But  while  a  is  in 
motion,  1)  cannot  attain  its  middle  position,  because  it  is  all  the  time  kept 
out  of  it  by  the  rotation  about  c  as  an  instantaneous  center  of  rotation. 
But  at  the  instant  when  the  governor  gear  is  at  rest.  i.e..  when  there  is 
no  tilting  nf  the  ship,  the  lever  begins  to  rotate  about  the  instantaneously 
fix'^d  point  a,  the  distributing  valvp  rnmes  into  its  middle  position,  and 
the  stabilizer  ceases  to  art  until  it  Is  brought  into  action  by  a   upw  tilting 
of  the  aircraft. 

Fig.  3  shows  the  construction  of  the  BSnki  stabilizer.  The  servomotor 
piston  /  is  stationary,  the  liquid  being  brought  in  and  out  through  the 
piston  rods  2  and  ?,.  The  cylinder  4  moves  up  and  down,  is  provided  with 
a  rack  .5  engaging  with  a  toothed  segment  6,  and  thus  driving  a  shaft  on 
which  is  set  lever  16  or  a  rope  pulley.  The  shafts  belonging  to  the  two 
servomotors,  one  for  longitudinal,  and  the  other  for  lateral  stability,  are 
placed  concentrically.  The  distributing  valve  is  8.  sitting  in  the  distributor 
case  7,  and  actuated  on  by  the  lever  14.  The  second  fulcrum  of  this  latter 
Is  on  the  cylinder  of  the  servomotor,  and  the  third  Is  connected  with  the 
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rod  20  by  the  disk  19,  sitting  on  the  steering  wlieel,  and  moving  as  it 
moves  except  in  the  case  wh(Mi  the  wheel  rotates  about  the  vertical  axis. 
The  pedal  12  serves  to  cut  out  the  servomotor,  and  leaves  the  aviator  free 
to  maintain  his  equilibrium  in  the  usual  way,  by  operating  the  lever  17. 

The  servomotor  could  be  operated  either  by  air  or  by  water.  The  in- 
ventor chose  the  latter  because  water,  as  a  highly  incompressible  fluid, 
permitted  the  apparatus  to  be  more  quick-acting  and  compact.  The  ap- 
paratus has  not  yet  been  actually  constructed. 

Fuel  and  Firing: 

Teeb-Koksgrus-Unterwindfeuerung,  Bondel.  Journal  fiir  Gasbeleucht- 
ung,  March  9,  1912.  li^  pp.,  1  fig.  d.  Description  of  a  forced-draft  fur- 
nace built  by  J.  Schwartzkopff  in  Lauban,  Germany,  for  very  small  coal 
and  .'/(7.S  tar  as  fuel.  The  furnace  has  a  grate  consisting  of  a  plate  with 
nozzle-shaped  holes  bored  through  it,  the  holes  being  set  closer  at  the  cok- 
ing i)late  and  nearer  the  tire  bridge  than  in  the  middle  of  the  grate.  An 
undergrate  steam-jet  blower  supplies  a  powerful  draft  consisting  of  a 
mixture  of  steam  and  air,  which  cools  the  grate  and  raises  the  temperature 
of  the  fire  better  than  a  blast  of  air  alone.  Of  extreme  importance  is  a 
correct  arrangement  of  the  steam-jet  blower  which  can  be  found  only  by 
trying;  it  was  found  during  tests  that  even  very  slight  changes  in  the 
arrangement  of  the  blower  affected  the  etficiency  of  the  apparatus  quite 
seriously.  The  volumetric  efficiency  of  the  draft  was  found  to  be  propor- 
tional to  the  steam  pressure,  and  when  the  steam  is  dry,  saturated  steam 
is  better  than  superheated.  It  was  further  found  by  careful  experiment- 
ing that  a  battery  of  small  jets  requires  less  steam  for  the  same  amount 
of  woi-k  done  than  one  big  jet.  The  tar-burning  device  is  arranged  so  that 
the  tar  flows  in  a  thin  stream  into  the  combining  nozzle,  is  there  caught 
up  by  a  steam  jet  and  is  carried  into  the  furnace  in  a  highly  divided  state. 
The  amount  of  steam  required  is  about  equal,  by  weight,  to  that  of  the 
tar  consumed. 

Axebs  neue  selbststatige  UNO  VON  Hand  benutzbabe  Schub-  und 
Abschlack  voeeichtunq,  Pradel.  Zeits.  fiir  Dampfkessel  und  Maschinen- 
hetriel),  March  1,  1912.  1  p.,  3  figs.  d.  Description  of  an  automatic  stoker 
with  an  automatic  grate-cleaning  device  invented  by  E.  Axer,  of  Altona, 
Germany.  The  grate  bars  are  laid  not  longitudinally,  as  usual,  but  cross- 
wise, and  may  be  inclined  either  toward  the  front  or  the  back.  Before 
reaching  the  fuel,  the  air  has  to  pass  through  two  sets  of  bars,  and  is 
therefore  better  preheated  than  in  the  ordinary  flat  grate.  Half  of  the 
grate  bars  is  stationary  while  the  other  half  has  a  slow  motion  first  one 
way  and  then  another.  This  motion  is  adjustable,  and  helps  better  com- 
bustion and  cooling  of  the  bars,  as  well  as  breaking  up  of  clinkers.  In  fact, 
the  constant  motion  of  the  bars  leaves  no  time  for  the  clinkers  to  form 
and  does  not  permit  them  to  melt  together  into  large  lumps. 

Heating 

Note  sub  le  chauffage  A  l'aide  de  la  vapeub  de  d^charge  des  machines 

MONOCYLINDBIQIJES  OU  DE  LA  VAPEUB  PRISE  AU  BECEIVEB  DES  MACHINES  COM- 
POUND, Lecuir.     Revue  de  m^eanique,  February  29,  1912.     8  pp.,  9  figs.     c. 
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Compai-isou  of  various  si/stcrm  of  steam  heating  in  connection  with  steam 
power  plants  from  an  economic  point  of  view. 

There  may  be  two  cases  in  accordance  with  the  pressure  used  in  the 
iieating  mains,  which  may  be  either  that  of  the  boiler,  or  less.  In  the 
first  case  the  best  plan  is  to  have  the  steam  engines  consume  as  little  steam 
as  possible,  and  to  return  to  the  boiler  the  water  of  condensation  from 
the  heating  system  by  a  steam  loop:  a  hot  water  pump  is  to  be  avoided 
owing  to  its  poor  efficiency.  If  the  pressure  in  the  heating  mains  is  less 
than  that  in  the  boiler,  one  of  the  following  three  systems  may  be  used: 
(a)  the  steam  may  be  taken  from  the  boiler,  and  the  temperature  of  the 
steam  reduced  by  a  reducer;  the  work  of  expansion  is,  however,  lost  in 


Losses /n  the pipina  i mi  7. 


Fig.  4     Heat  Balance  of  a  Single-Cylindee  Steam  Engine 


this  case,  and  cannot  even  be  considered  to  be  compensated  for  by  the  super- 
heating of  the  steam,  because  tlie  fall  of  pressure  is  not  large  enough,  and 
the  use  of  superheated  steam  in  healing  is  but  seldom  advantageous,  {h) 
Installation  of  a  separate  boiler  having  the  pressure  required  for  the  heat- 
ing system :  this  complicates  the  service  in  the  boiler  room,  involves  large 
losses  in  fuel,  but  is  on  the  whole  preferable  to  the  first  solution,  (c)  The 
use  of  steam  which  has  done  work :  by  such  steam  the  author  means  steam 
taken  from  the  exhaust  of  a  single-cylinder  engine  or  the  receiver  of  a 
compound  engine. 

Fig.  4  represents  the  heat  balance  of  a  single-cylinder  200-h.p.  engine. 
The  heat  necessary  for  heating  in  the  plant  is  1,006,500  calories  (say 
4,000,000  b.t.u.),  and  if  it  had  to  be  produced  separately,  with  coal  having 
a  heat  value  of  7000  calories  per  kilogram  (say  12000  b.t.u.  per  lb.),  about 
240  lb.  of  coal  per  hour  would  have  to  be  consumed. 
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Fig.  5  shows  the  heat  balance  of  a  tandem  compound  engine  with  heat- 
ing with  live  steam.  The  total  economy  is  considerably  less  satisfactory 
than  in  the  case  of  a  single-cylinder  engine. 

The  relation  between  the  type  of  heating  and  the  machine  used  may  be 
expressed  as  follows :  If  the  heating  plant  requires  steam  in  amount  equal 
or  slightly  exceeding  that  furnished  by  the  engines,  at  a  pressure  300  to 
(lOO  grams  (4.25  to  8.5  lb.  per  sq.  in.)  above  atmospheric,  a  single-cylinder 
engine  is  advisable,  because  this  pressure  corresponds  to  the  final  pressure 
for  a  diagram  showing  the  best  economic  utilization  of  such  an  engine. 
If  at  times  a  little  more  steam  is  required  for  heating,  it  may  be  taken 
direct  from  the  boiler,  and  brought  down  to  the  required  pressure  by  a 
reducer.     If.  however,  the  quantity  of  steam  required  for  heating  is  con- 
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siderably  less  than  that  delivered  by  the  engines,  or  is  at  a  pressure  of 
from  600  grams  to  2.50  kg.  (8.5  to  35.5  lb.  per  sq.  in.)  above  atmospheric, 
a  compound  engine  should  be  used,  with  the  steam  taken  at  the  receiver 
and  constant  pressure  maintained  by  varying  the  admission  to  the  low- 
pressure  cylinder. 

This  relationship  exists  also  in  the  case  of  turbines,  the  high  pressure 
turbine  corresponding  to  a  single-cylinder  engine,  and  the  two-stage  tur- 
bine to  a  compound  engine,  the  steam  in  the  latter  case  being  taken  at  the 
point  where  its  pressure  corresponds  to  that  in  the  heating  system. 

The  author  shows  bj'^  indicator  diagrams  how  steam  taken  for  heating 
from  a  compound  engine  affects  the  working  of  the  engine.  When  steam 
going  to  the  low-pressure  cylinder  is  taken  to  the  heating  system,  tfie 
work  that  would  have  been  developed  in  it  has  to  be  made  up  by  the  high- 
pressure  cylinder,  and  if  much  steam  is  regularly  taken  in  order  to  insure 
normal   working  of  the  engine,   the  volume  of  the  low-pressure  cylinder 
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must  be  decreased.  If  too  much  steam  were  taken,  the  low-pressure  cyl- 
inder would  recehe  none,  and  would  give  no  work ;  the  engine  would  then 
work  as  a  single-cylinder  engine  with  back-pressure,  driving  the  low- 
pressure  cylinder  at  no-load,  and  its  efficiency  would  be  very  poor.  On 
the  other  hand,  if  too  little  steam  is  taken,  too  much  load  is  thrown  on 
the  low-pressure  cylinder.  There  are  therefore  certain  upper  and  lower 
limits  of  admission  to  the  low-pressure  cylinder,  which  must  be  maintained 
by  some  sort  of  regulation  either  by  hand  or  automatically,  in  order  that 
the  plant  should  work  at  its  maximum  efficiency.  In  general  the  tandem 
or  cross-compound  engine  lends  itself  better  to  the  taking  of  steam  from 
the  receiver  than  a  twin-compound  engine. 


Fig.  6     Oil  Regulator  in  the  Bell  Water  Turbine 


Hydraulics 

Le  turbine  idrauliche.  L'Industria,  March  17,  1912.  1  p.,  3  figs.  d. 
Description  of  the  hydraulic  turbines  of  the  Soci4t6  anonyme  des  Ateliers 
de  Construction  de  Th.  Bell  et  Cie  de  Kriens  (Lucerne,  Switzerland).  The 
turbine  is  of  the  Francis  type.  The  regulator  is  shown  in  Fig.  6.  The  oil 
imder  pressure  is  driven  from  the  reservoir  B  by  a  pump,  driven  by  the 
pulley  S,  to  the  valve  gear  V,  which  communicates  with  the  cylinder  cham- 
bers (7i  and  Cj  by  the  ducts  K^  and  jBT,,  and  with  the  reservoir  B  by  the 
duct  K3.  The  valve  gear  is  regulated  by  the  spring  governor  R  in  such  a 
way  that  the  pressure  acting  on  one  side  of  the  piston  K  varies  according 
to  the  conditions  of  work  of  the  turbine,  and  produces  displacements  of 
the  piston  which  are  transmitted  to  the  governor  spindle.  To  decrease 
the  stroke  of  the  i)iston,  and  to  prevent  excessive  opening  and  closing  of 
the  turbine,  the  gear  rod  G  is  provided  to  bring  the  valve  into  its  middle 
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position,  so  ttiat  wlien  tlie  number  of  revolutions  of  the  turbine  is  constant, 
the  pump  worivs  as  if  tliere  were  no  pressure,  and  it  had  only  to  make  the 
oil  circulate,  thus  making  the  consumption  of  power  very  slight. 

Internal-Coinbastiou  Kiiglnes 

Perfectionnement  des  moteuks  a  combustion  interne  par  le  eechauf- 
FAGE  PBfiALABLE  DE  l'air,  A.  Nougier.  Le  G^nie  Civil,  March  2,  1912.  3^ 
pp.,  3  figs.  dt.  Continuation  of  the  article  abstracted  in  The  Journal  for 
April  (p.  615)  on  the  improvement  of  internal-comiiistion  engines  by  pre- 
heating of  the  air  admitted  to  the  cylinders. 

The  author  recommends  a  preheater  constructed  on  the  principle  shovs^n 
in  Fig.  7.  It  is  built  like  a  semi-tubular  boiler,  the  hot  exhaust  gases 
passing  through  the  flues  in  one  direction,  and  the  air  traveling  in  the 
opposite  direction,  the  baffle-plates  MN  forcing  the  air  to  take  the  longer 
path  indicated  by  the  arrow  line. 


Flo.  7     Nougier  Aie  Preheater  for  Internal-Combustion  Engines 


The  difiiculty  in  the  application  of  this  method  lies  in  the  fact  that, 
with  a  200-h.p,  motor  taking  in  the  air  at  room  temperature,  the  tempera- 
ture of  the  exhaust  at  full  load  is  466  deg.  cent.  (870  deg.  fahr.),  but  only 
135  deg.  cent.  (275  deg.  fahr.)  at  no  load,  and  this  temperature  is  too  low 
sufficiently  to  preheat  the  air,  or,  if  the  preheater  were  made  efficient  at 
this  temperature,  it  would  preheat  too  much  at  full  load,  and  too  high 
preheating,  as  was  shown  in  the  preceding  article,  is  not  economical.  By 
a  detailed  calculation  the  author  proves  that  a  preheater  can  be  con- 
structed which  will  preheat  the  air  to  80  deg.  cent.  (176  deg.  fahr.)  at 
no  load,  and  will  not  overheat  the  air  at  full  load;  this  preheater  will  be 
only  0.60  m  (23  in.)  in  diameter,  and  will  contain  100  tubes,  21/15  mm 
(0.055  in.)  in  diameter  and  1.06  m   (39.6  in.)  long. 

The  author  proceeds  to  calculate  in  detail  the  thermal  efficiency  of  the 
motor  with  35  atmospheres  compression  with  and  without  preheating, 
and  with  25  atmospheres  compression  with  preheating,  and  shows  that 
when  the  compression  remains  the  same,  the  thermal  efficiency  of  the  motor 
is  not  affected  by  preheating,  and  that  the  thermal  efficiency  of  the  motor 
with  25  atmospheres  compression  and  preheating  is  only  about  4  per  cent 
less  than  tliat  of  the  motor  at  35  atmospheres  compression  without  pre- 
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heating.  Since,  however,  the  reduction  of  compression  pressure  will  give 
considerable  mechanical  advantages,  very  probably  exceeding  4  per  cent, 
there  appears  theoretically  to  be  good  ground  to  believe  that  preheating 
of  the  air  will  give  an  over-all  increase  of  efficiency. 

Uber  EiNE  NEUE  Bauajbt  des  Kebpely-Gaserzeugebs,  H.  Hermanns. 
Dinglers  Polytechnisches  Journal,  March  9,  1912.  2  pp.,  1  fig.  d.  Descrip- 
tion and  data  of  tests  of  a  new  type  of  the  Kerpely  yas  producer  using 
cheap  fuel,  and  utilizing  waste  heat  for  the  production  of  steam.  (Jp. 
The  Mechanical  Emjincer,  March  29,  1912,  and  Stahl  and  Eisen,  Decem- 
ber 2S,  1911. 

Neueee  lioHOLMOi'OBEN.  Ch.  Fuhlmann.  Dinglers  Folytechnisches  Jour- 
nal, March  30,  1912.  4  pp.,  19  figs.  d.  Extensively  illustrated  description 
of  the  Breslau  oil  motor,  with  many  details  on  the  construction  of  its  cyl- 
inder cover  and  compressor. 

ISeuebe  Roholmotoben,  Ch.  Puhlmanu.  Dinglers  Folytechnisches  Jour- 
nal, March  ItJ,  1912.  2y2  pp.,  4  figs.  d.  Description  of  high-speed  oil  motors 
built  by  the  Augsburg-Nuremberg  Co.  and  by  the  Breslauer  A.  G.  fiir  Eisen- 
bahnwagenbau  und  Maschinenbauanstalt.  The  latter  motor  gives  450  ef- 
fective h.p.  at  400  r.p.m. 

MoTOBi  A  COMBUSTIONE  INTEBNA.  Ulndustria,  March  17,  1912.  2  pp., 
9  figs.  d.  Description  of  the  Henriod,  Cottereau,  Broc,  and  Ballot  slide 
calve  motors  (Cp.  The  Journal,  March,  1912,  p.  414,  and  the  Automobile, 
August  3.  1911). 

Machine  Shop 

Pboceue  de  EABBicATioN  DES  TUBES  EN  U.  La  Metallurgie,  March  20, 
1912.  2/3  p.,  12  figs.  d.  Description  of  a  process  for  making  U-tubes,  in 
particular  for  superheaters,  patented  in  France  by  W.  Schmidt.  This  proc- 
ess requires  no  special  tools,  and  is  claimed  to  produce  a  tube  of  great 
homogeneity  at  the  joint.  A  rather  deep  groove,  3,  as  shown  in  Fig.  8,  is 
cut  in  the  tube,  normal  to  its  longitudinal  axis,  so  as  to  obtain  at  the  place 
where  the  U  is  to  be  formed  two  tubes  connected  by  a  short  strip  c.  The 
tubes  are  then  bent  back  about  an  axis  passing  through  the  strip  c,  into  the 
position  shown  in  4,  the  distance  between  the  axes  of  the  tubes  depending 
on  the  width  of  the  groove.  Next  a  piece  of  flattened  tube  e  (9  and  10) 
is  placed  on  the  mandrel  d,  hammered  into  shape,  and  the  joint  above  the 
mandrel  welded,  so  that  a  sort  of  cap  /,  open  at  one  end,  is  obtained.  This 
cap  is  hammered  or  pressed  over  a  mandrel  into  the  shape  shown  in  7 
and  8,  placed  over  the  tubes  a  and  b,  and  welded  (1  and  2).  The  presence 
of  the  connecting  strip  c  is  said  to  offer  the  following  advantages ;  no  weld 
is  necessary  at  the  narrowest  place,  i.e.  just  between  the  tubes ;  only  two 
pieces  have  to  be  handled  in  welding ;  the  presence  of  the  strip  makes  the 
joint  stronger. 

Benzol-Sciiweissung.  Autogene  Melallhearbeitung,  Beiblatt  zu  Acety- 
len,  February  15,  1912.  5  pp.,  1  fig.  cd.  Description  of  oxy-benzine  weld- 
ing, and  comparison  of  it  with  oxy-acetylen  welding.  The  temperature  pro- 
duced by  the  oxy-beuzine  flame  is  about  2800  deg.  cent.  (5072  deg.  fahr.) 
against  3200  deg.  cent.    (.5792  deg.  fahr.)   of  the  oxy-acetylen  flame.     The 
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time  required  for  welding  witli  oxy-benzine  is  longer,  from  30  to  100  per 
cent.,  in  accordance  with  the  thickness  of  the  material.  Plates  of  more 
than  8  mm.  (0.31  in.)  cannot  be  safely  welded  by  oxy-benzine,  because  ben- 
zine is  not  a  chemically  pure  product,  and  contains  hydrogen  which  dis- 
solves in  iron  at  the  temperature  of  welding,  but  separates  at  cooling,  forces 
its  way  outwards  from  the  joint,  and  in  doing  so  makes  a  path  for  the 
escape  of  carbon ;  the  joint  is  therefore  apt  to  lose  its  carbon,  and  to  be- 
come hard  and  brittle.     A  further  disadvantage  of  the  oxy-benzine  nuMliod 
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Fig.  S     Process  for  Making  U-Tubes 


<if  welding  consists  in  the  fact  that,  as  has  been  shown  experimentally,  the 
quality  of  work  is  substantially  affected  by  the  temperature  and  conditions 
of  work  in  the  place  where  the  welding  is  carried  on;  at  low  temperatures 
(below  4.5  deg.  cent.,  or  40.1  deg.  fahr.)  the  benzine  freezes,  and  must  be 
cither  heated  or  mixed  with  alcohol,  the  latter  unfavorably  affecting  the 
strength  of  the  joint  produced;  drafts  of  air  are  liable  to  change  the  pro- 
Itortion  of  benzine  and  air  mixture  in  the  carburetor  spiral,  and  that  in  its 
turn  affects  the  quality  of  the  work  done.  Benzine  fumes  are  to  a  certain 
extent  dangerous  to  the  health  of  the  workmen,  although  the  products  of 
its  combustion  are  harmless.  The  use  of  oxy-benzine  welding  for  regular 
shop  or  factory  work  cannot  therefore  be  recommended,  but  the  compact- 
ness of  the  apparatus  and  practical  safety  from  explosions  make  it  very 
convenient  for  road  and  erecting  work.    Fig.  9  shows  the  comparative  cost 
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of  oxy-beiizine  and  oxy-acetyleu  weldiug  per  lueter  (or  39.37  in.)  of  weldeti 
seam  in  pfennigs,  the  plates  welded  being  in  millimeters  (1  mm  equal  to 
0.039  in.),  and  the  basis  of  comparison  being:  acetylen  at  1  M.  per  cu.  m., 
or,  say,  0.71  cents  per  cu.  ft. ;  benzine,  90  per  cent  pure,  24  pfennigs  per 
kilogram,  or,  say,  2.7  cents  per  lb. ;  oxygen  and  labor  in  both  case*,  the 
first  1  M.  per  cu.  m..  or  0.71  cents  per  cu.  ft.,  and  the  second  60  pfennigs, 
or  15  cents,  per  hour. 

PB0C£dE    ET    APPABEILS    POUB    la    F.A3RICATI0X    DES    PrA.QUES    llETALLIQUES. 

La  M^tallurgie,  March  13,  1912.  1  p..  3  figs.  d.  Description  of  a  new- 
process  for  galvanizing  metallic  objects,  invented  by  Kar  Miehl  of  Guters- 
loh,  Germany.  The  objects  to  be  galvanized  are  placed  on  a  special  re- 
ceptacle provided  with  holes  like  a  screen,  and  are  dipped  into  a  bath  of 
galvanizing  metal,  and  kept  there  until   they  attain  a  temperature  very 

Cosfptr  meter  or  y/elded  Seam  in  pfennigs 
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near  that  of  the  bath.  The  receptacle  with  the  objects  on  it  is  then 
quickly  transferred  to  a  drum  which  is  set  into  rapid  rotation.  Owing  to 
the  action  of  centrifugal  force,  in  a  fraction  of  a  minute  all  the  excessive 
fluid  material  is  projected  outside  of  the  receptacle,  and  the  objects  remain 
covered  by  a  uniform  and  closely  adhering  layer  of  metal.  This  process 
permits  of  galvanizing  very  small  objects,  e.g.  needles,  as  well  as  such 
objects  as  screws,  which  could  not  be  galvanized  by  simple  immersion  in 
hot  metal  because  the  metal  would  fill  the  screw  thread.  The  article  also 
describes  the  simple  machinery  used  in  this  process. 

niecbanles 

Note  sue  le  calcul  dv  tbavail  du  m£tal  dans  les  cap.les  m^talliqves, 
Edgar  Baticle.  Annalen  des  Fonts  et  Chaussees,  January-February,  1912. 
20  pp.,  9  figs.  mtA.  Mathematical  investigation  of  the  causes  producing 
rapid  deterioration  of  icire  ropes.  The  author  gives  formulae  for  determin- 
ing the  stresses  in  the  rope  when  its  radius  of  curvature  is  known,  and 
shows  how  to  determine,  in  load  ropes,  the  sum  of  the  components  of  bend- 
ing moments  and  moments  of  torsion.  He  concludes  that  it  is  possible  by 
the  usual  methods  of  determining  the  resistance  of  materials  to  find  the 
total  stress  in  the  most  stressed  fibers  of  a  rope,  whether  wound  about  a 
drum  of  known  radius,  or  subjected  to  a  concentrated  load  which  gives  it  a 
certain  curvature  of  unknown  radius.  This  total  stress  is  composed  of  the 
stress  of  tension,  bending  and  torsion  stresses,  the  last  being  smaller  in  a 
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well  made  rope.  The  bending  stress  in  the  wires  composing  the  rope  is  due 
to  the  following  two  causes:  (a)  in  the  manufacture  of  the  rope  the  wires 
are  often  subjected  to  considerable  stresses  resulting  in  their  losing  some 
iif  their  power  of  resistance :  ( ft )  the  influence  of  the  bending  of  the  rope 
under  a  live  load,  or  while  coiled  on  a  drum.  The  stress  due  to  the  last 
cause  is  variable.  If,  as  we  believe  generally  happens,  the  total  stress  ex- 
ceeds the  limit  of  elasticity,  the  variable  and  repeated  stress  due  to  bend- 
ing must  rapidly  cause  plastic  deformation  in  the  metal.  The  stress  pro- 
duced in  manufacturing  the  rope  varies  inversely  as  the  radius  of  "  ele- 
mentary wire."  The  same  is  true  for  the  bending  stress  in  a  rope  coiled 
on  a  drum  of  a  definite  diameter,  but  in  load  ropes  the  stress  is  inde- 
pendent of  the  diameter  of  the  elementary  wire. 

From  the  method  applied  by  the  author  it  follows  that,  as  regards  de- 
formation, a  rope  may  be  considered  as  a  member  under  flexure,  provided 
an  imaginary  moment  of  inertia  is  attributed  to  it,  of  which  the  author 
gives  the  value  as  a  function  of  the  total  section  of  the  rope,  radius  of  the 
elementary  wire,  and  angles  of  coiling  of  the  wires  and  strands.  The 
flexibilitj"  of  a  rope  is  measured  by  the  reciprocal  of  this  imaginary  moment 
of  inertia,  and  is  inversely  proportional  to  the  radius  of  the  elementary- 
wire  and  radius  of  the  rope,  but  varies  with  the  method  of  making  the 
rope,  and  is  generally  greater  in  a  rope  of  several  strands  than  in  a  rope 
made  of  a  single  strand. 

ThEORETISCHE  BeEECHXIXG  EIN'EB   SCHLEtDEBPTTMPE  AVE  GbUXD  V0:«  TeB- 

srcHEX.  H.  C.  A.  Ludwig.  Die  Turbine,  Nos.  1  to  VI.  1911  to  1912.  t. 
The  author  shows  from  a  test  of  a  centrifugal  pump  how  the  data  obtained 
experimentally  may  be  brought  into  agreement  with  theoretical  values. 
He  draws  the  usual  0-H  curves  from  an  empirical  formula,  and  proves 
that  these  ctirves  agree  with  the  values  for  impacts  of  water  obtained  in 
accordance  with  the  usual  theory.  He  further  compares  his  0-H  curve 
with  those  of  other  investigators,  and  shows  their  material  agreement. 

KtEDE  GR-VPHIQI'E  DE  la  RESISTA:XCE  DES  pieces  a  FOBTE  COUBErBE  RELA- 
TIVE, F.  Legein.  Bulletin  teclin'"  •  >  de  VAssociation  de?  ingenieurcs  sor'is 
tie  VEcole  polytccnique  de  Bruxelles.  February.  1912.  17  pp..  6  figs.  mA. 
Prof.  W.  Ritter  (Der  elasti^che  Bogen)  has  graphically  studied  the  resist- 
ance of  arches  of  small  curvature.  The  author  applies  his  method  to  the 
case  of  members  of  large  curvature,  and,  by  way  of  example,  shows 
how  to  apply  it  to  the  investigation  of  a  ring,  of  circular  section,  and 
radius  of  curvature  equal  to  2r.  acted  upon  by  an  axially  directed  force. 

VeBSVCHE   t:BER  DIE   StROMUXGSVORGAXGE  IX   ERWETTEKTEX   rXD   VEBEXGTEX 

Kajxalex.  H.  Hochschild.  ilitteilungen  fiber  Forschnngsarbeiten  auf  dem 
Gebietc  des  Ingcnieuncesens.  Vol.  114.  1912.  53  pp..  70  figs,  and  27  tables. 
e.  Account  of  an  investigation  of  the  conditions  under  which  flow  taJces 
place  in  expanded  and  contracted  passages,  such  as  are  met  with  in  tur- 
bines and  turbo-blowers.  The  theory  of  Prof.  L.  Prandl  was  laid  as  a 
basis  of  investigation,  and  the  author  quotes  from  his  manuscript  as  fol- 
lows: if  two  particles  of  a  fluid  glide  over  one  another  in  such  a  manner 
that  in  a  distance  dy  there  is  a  difference  of  velocity  dw,  there  is  produced 

dw 

in  the  surfaces  of  gliding  c-ontact  a  shearing  stress  t  =  I' The  oon- 

dy 
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stant  k  is  called  the  coefficieut  of  internal  friction,  or  viscosity.  The 
author's  experiments  have  throughout  con-oborated  this  theory.  Measure- 
ments of  hydraulic  pressure  have  shown  that  in  contracted  passages  the 
flow  occurs  with  nearly  no  losses  (potential  flow),  and  as  the  pass&ge 
expands,  the  conditions  of  flow  become  less  favorable.  Further  investi- 
gations by  means  of  a  special  little  tube  (arranged  somewhat  like  a  pitot 
tube)  have  shown  that  the  losses,  in  the  form  of  eddies  formed  by  friction, 
arise  mainly  at  the  walls  of  the  passage,  and  gradually  permeate  the  whole 
stream  ("  Turbulens"  whirls),  and  that  in  direct  proportion  to  the  ex- 
pansion of  the  passage  and  rate  of  decrease  of  velocity  and  increase  of 
pressure. 

V'ersuche  MIT  RiEMEN  BEsoNDERER  Art,  Kammerer.  Zcits.  des  Vereinea 
(ieutscher  Iiujcnieurc,  February  10,  19:12.  7  pp.,  15  flgs.  eA.  Account  of 
tests  on  the  limits  of  effective  stress  in  belts  of  various  materials.  Such 
tests  require  a  large  expenditure  of  time  because  overloading  of  a  belt  can 
be  discovered  only  from  the  appearance  of  a  permanent  elongation,  and  an 
identical  elongation  is  also  found  In  a  new  belt  which  has  not  yet  reached 
Its  state  of  resistance.  Since,  however,  several  hours  are  required  for  a 
belt  to  reach  that  state,  there  is  always  a  danger  In  short  tests  with  new 
belts  of  taking  phenomena  of  the  state  of  resistance  for  those  of  overload. 

Tests  of  Link'  Belts.  The  tests  were  made  on  two  link  belts  of  equal 
width,  but  unequal  thickness,  made  up  of  links  pressed  out  of  specially 
prepared  fiber,  and  provided  with  leather  rims.  The  tests  have  shown 
that  at  a  speed  of  15  m  (say  50  ft.)  per  sec,  the  total  stress  on  the  tight 
side  of  the  belt  nmst  not  exceed  30  kg  per  cm  (166  ft.  per  in.)  of  width 
of  belt,  but  at  higher  speeds  may  go  as  high  as  35  kg  per  cm  (193  lb.  per 
in.)  of  width  of  belt.  Link  belts  have  been  Introduced  because  they  com- 
bined the  strength  of  double  with  the  flexibility  of  single  belts,  and  gave 
strong  belts  which  could  be  used  on  pulleys  of  small  diameter.  These  tests 
have  shown  that  for  speeds  up  to  20  m  (65  ft.)  per  sec.  link  belts  are  far 
superior  not  only  to  single,  but  even  to  double,  leather  belts,  but  at  higher 
speeds  the  centrifugal  tension  In  the  heavy  link  belt  decreases  the  allow- 
able useful  load  very  materially,  and  at  speeds  over  30  m  (98  ft.)  per  sec. 
link  belts  cannot  be  economically  used  at  all. 

Tests  of  Leather  Belts.  For  speeds  up  to  15  m  (50  ft.)  per  sec.  the  total 
stress  in  the  tight  side  of  the  belt  did  not  exceed  23  kg  per  cm  (say  126  lb. 
per  in.)  of  the  width  of  the  belt,  while  for  speed  of  30  m  (98  ft.)  per  sec 
the  total  useful  tension  rose  to  26  kg  per  cm  (143.  lb.  per  in)  of  width  of 
belt. 

Americans  often  assert  that  belts  which  are  turned  with  the  hair  side  to 
the  pulley  last  longer  than  when  turned  with  the  flesh  side  to  the  pulley, 
as  is  usual  In  Germany.  Tests  made  by  the  author  have  shown  that  in 
belts  turned  with  the  hair  side  to  the  pulley :  (o )  the  tension  ratio,  or 
ratio  between  the  tension  on  the  tight  side  and  that  on  the  loose  side 
hardly  exceeds  2,  while  in  belts  imnnlng  with  the  flesh  side  to  the  pulley 
It  can  exceed  3;  {h)  the  highest  allowable  tension  is  more  than  3  kg  per 
cm  (12.6  lb.  per  in.)  less  than  In  the  case  of  belts  with  the  flesh  side 
toward  the  pulley;  the  speed  cannot  be  made  more  than  30  m    (98  ft.) 
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per  sec,  against  50  ni  (1(>4  ft.)  with  belts  with  the  flesh  side  toward  the 
pulley.  This  shows  that  it  is  in  every  respect  disadvantageous  to  let  the 
belt  run  with  the  hair  side  toward  the  pulley.  A  belt  running  in  that  way 
probably  wears  out  sooner  because,  as  was  pointed  out  by  C.  O.  Gehrkens, 
such  curvature  reverses  the  way  in  which  the  hide  grew  on  the  animal. 

Testis  of  High-Speed  Belting.  A  double  cemented  leather  belt,  45  mm 
(l.S  In.)  wide,  stood  very  well  a  total  tension  on  the  tight  side  of  67.1  kg 
per  cm  (370  lb.  per  in.),  at  60  m  (196  ft.)  per  sec.,  and  broke  only  when 
the  tension  rose  to  95.9  kg  per  cm  (say  530  lb.  per  in.).  The  allowable 
useful  stress  kr,  can  be  deduced  from  the  formula 
fc„  =  (fc^  —  kt)  X  V« 
where  fc  -p  is  the  total  stress  on  the  tight  side,  and  kt  the  centrifugal  ten- 
sion. 

Tests  on  Belt  Fastenings.  lu  the  tests  with  woven  belts  it  was  found 
that,  as  the  speed  of  the  belt  transmission  increased,  the  allowable  useful 
stress  diminished  owing  to  the  influence  of  the  belt  fastening,  which  at 
speeds  from  25  to  30  m  (SI  to  98  ft.)  per  sec.  caused  such  vibrations  and 
uncertaintj'  of  run  that  it  proved  to  be  impossible  to  exceed  the  speed  of 
30  m  (98  ft.)  per  sec.  The  influence  of  the  fastening  is  due  to  the  follow- 
ing causes:  (a)  through  the  center  of  gravity  of  the  fastening  describing 
on  the  pulley  a  semicircle,  an  additional  centrifugal  tension  is  developed 
equal  to 

G      V- 

k't  = .  — 

hi     g 

G 
this  additional  centrifugal  tension  is  thus  a  function  of-—-,  or  weight  ot 

61 

unit  area  of  the  fastening,  and  that  indicates  the  advisability  of  arrang- 
ing the  fastening  in  such  a  way  that  its  weight  be  distributed  over  as 
large  an  area  of  the  belt  as  possible;  (6)  the  rotation  of  the  fastening  in 
coming  on  and  off  the  pulley  produces  in  it  a  moment  of  torsion  which  in 
its  turn  produces  in  the  belt  an  additional  centrifugal  tension.  This  ten- 
sion becomes  negligible  if  the  fastening  is  made  of  flexible  steel  bands, 
softer  steel  bands  lasting  longer  than  hard  ones. 

The  article  also  contains  data  on  tests  of  woven  belts,  and  discussions 
on  the  theory  of  belting  which  could  not  be  reported  owing  to  lack  of 
space. 

Refrlseration 

Die  Verbesserung  der  Kohlensaure-Kaltemaschine  durch  EinfIjhr- 
UNG  EiNES  Expansionzylinders,  R.  Plank.  Zeits.  fur  die  gesamte  Kdlte- 
Industrie,  March  1912.  3  pp.  t.  Discussion  of  the  improved  carbon  dioxide 
refrigerating  maehine  with  a  separate  expansion  cylinder  proposed  by  L. 
Horst  (see  The  Journal,  February,  1912,  p.  294).  Plank  finds  that  the 
machine  is  based  on  correct  thermodynamic  principles,  and  represents  a 
real  improvement  on  the  present  COj  refrigerating  machines,  but  not  as 
large  an  improvement  as  Horst  claimed. 

Steam  Knsrineerlns 

ZuR  Streitfrage  der  Gleichstrom-Dampfmaschine,  E.  Tuckormann. 
Dinglers  polytechnisches  Journal,  March  9,  1912.     4  pp.,  ct.     Comparison 
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of  the  straight-flow  steam  engine,  as  designed  by  Stuinpf,  with  other 
similar  types,  and  discussion  of  its  mechanical  characteristics.  The  pecu- 
liar property  of  the  straight-flow  steam  engine  is  that,  as  a  single-cylinder 
engine,  it  works  with  saturated  steam  just  as  economically  as  with  super- 
heated, and  in  heat  economy  reaches  a  degree  as  high  as,  or  higher  than, 
large  multi-cylinder  engines  with  superheat.  That  does  not  mean  that 
superheating  the  steam  is  of  no  value  whatever.  On  the  contrary,  all 
along  the  way  up  to  the  admission  valve  the  economy  of  superheat  even  in 
straight-flow  steam  engines  cannot  be  denied,  but,  once  inside  the  cylinder, 
dry  saturated  steam  gives  as  good  results  economically  as  superheated, 
because  it  does  not  require  as  expensive  a  lubrication  system  as  an  engine 
for  superheated  steam.  The  working  cycle  of  the  straight-flow  steam 
engine  approaches  moi'e  the  Carnot  cycle  than  does  that  of  an  engine 
working  with  superheated  steam,  the  admission  line  in  the  first  case  being 
more  of  the  nature  of  an  isotherm,  and  for  the  latter  of  an  isobar,  of  the 
gas.  For  equal  heat  losses  during  the  admission  periods  in  both  engines, 
the  pressure  in  the  superheat  engine  falls  more  rapidly  than  in  the  satura- 
ted steam  engine.  The  value  of  superheating  lies  in  the  fact  that  it  com- 
pensates for  losses  causing  the  performance  of  the  engine  to  depart  from 
that  of  the  ideal  engine,  and  if  these  deviations  are  overcome  in  some 
other  way,  superheating  becomes  superfluous. 

There  is  a  substantial  difference  between  a  ■  straight-flow  and  alterna- 
ting-flow steam  engine  in  the  working  of  the  exhaust.  Suppose  that  in 
both  cases  the  steam  at  the  end  of  expansion  is  wet.  In  a  straight-flow 
engine  it  becomes  immediately  dry,  because  it  suddenly  expands  without 
doing  any  work,  and  thus  preserves  its  heat,  while  the  pressure  goes 
down.  The  piston  head  is  therefore  dry  at  the  beginning  of  compression, 
and  the  heat  flowing  from  the  walls  and  especially  from  the  hot  cylinder 
cover,  highly  superheats  a  large  amount  of  steam.  In  an  alternating-flow 
steam  engine  the  exhaust  lead  is  not  as  rapid,  and  the  piston  drives  part 
of  the  wet  steam  toward  the  exhaust,  and  owing  to  the  high  velocity  of 
the  steam  flow,  cools  both  the  admission  and  exhaust  openings :  the  ex- 
liaust  may  be  said  to  come  out  cold.  The  piston,  which  is  wet,  remains 
all  the  time  in  contact  with  the  cold  exhaust  steam,  and  more  heat  is  re- 
(]uired  for  evaporation  than  in  the  case  of  a  straight-flow  engine.  The 
average  diflierence  of  temperature  between  the  walls  and  exhaust  steam, 
and  consequently  the  heat  given  off  to  the  exhaust  steam,  is  greater  in  the 
case  of  an  alternating-flow  engine,  but  all  that  heat  goes  into  exhaust,  and 
is  not  utilized  as  in  the  straight-flow  engine. 

The  valve  gear  of  the  straight-flow  steam  engine  is  remarkably  simple, 
owing  to  the  absence  of  the  exhaust  gear.  The  exhaust  area  is  made  as 
large  as  practicable,  an  ideal  equilization  of  pressures  between  the  cylinder 
and  condenser  being  simply  a  result  of  the  constructive  peculiarities  of  the 
engine. 

The  use  of  a  long  piston  is  generally  pointed  out  as  one  of  the  disad- 
vantages of  the  straight-flow  engine.  The  author  argues  that  long  pis- 
tons have  been  used  quite  successfully  in  gas-engine  construction,  and  that 
it  ought  to  be  all  the  more  easier  to  use  them  in  steam  engines,  especially 
such  as  do  not  make  use  of  high  superheats. 
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ABWABMEVERWERTUNG    an     SlEMENS-AlAKTIN-OlfEN     ZUE    DaMPJ-'ERZEUGUNG, 

A.  Pfoser.  iStahl  mid  Eiscn,  March  7,  1912.  1  p.,  p.  Discussion  of  the 
utilization  of  heat  of  gases  discharged  from  a  Siemens-Martin  furnace. 
The  temperature  of  the  gases  is  600  to  700  deg.  cent.  (1112  to  1292  deg. 
fahr.),  and  the  heat  losses  are  therefore  very  large.  The  plant  investi- 
gated by  E.  Mayer  (Die  Warmetechnili  des  Siemens-Martin-Ofeus)  has, 
in  round  figures,  the  following  heat  balance: 

Per  Cent 

Total   useful   work 27.0 

Losses  by  radiation  of  the  furnace  and  regenerators 29.0 

Losses    by    exhaust 31.0 

Combustible  in  the  ash-pan  of  the  gas  producer 3.0 

Losses  by  radiation  of  the  gas  producer 10.0 

Heat  produced  by  the  combustion  of  coal 100.0 

The  author  shows  that  by  using  the  discharged  gases  to  produce  steam 
at  10  atmospheres  pressure  above  atmospheric,  which  can  be  done  by  re- 
ducing the  temperature  of  the  exhaust  gases  to  300  deg.  cent.  (572  deg. 
fahr.),  the  efficiency  of  the  furnace  can  be  improved  16.7  per  cent.  The 
important  problem  is,  however,  to  have  the  steam-producing  plant  designed 
in  such  a  way  as  not  to  interfere  with  the  work  of  the  Siemens-Martin 
furnace,  which  after  all  is  the  most  important  part.  To  do  this,  the 
smokestack  must  be  large  enough  to  give  a  sufficient  partial  vacuum  to 
overcome  the  increased  friction  due  to  the  lengthening  of  the  path  of  the 
gases.  When  artificial  draft  is  used,  an  economizer  may  he  installed  be- 
hind the  boiler,  the  temperature  of  the  escaping  gases  reduced  150  to  200 
deg.  cent.  (302  to  392  deg.  fahr.),  and  about  20  per  cent  more  steam  pro- 
duced. The  author  claims  to  have  constructed  successfully  working  in- 
stallations of  this  kind  in  connection  with  zinc  and  glass  melting  furnaces. 

LeS  AVABIES  des  plaques  TUBULAIBES  dans  LES  CHAUDlfiEES  DE  LOCOMO- 
TIVES, H.  Lavialle  d'Auglards.  Le  G^nie  Civil,  March  9,  16,  1912.  4  pp., 
10  figs.  p.  Investigation  of  causes  of  hreakdowns  in  tube  plates  of  loco- 
motive boilers,  and  description  of  methods  of  repair,  both  on  the  road  and 
in  the  shops.  If  the  plate  broke  between  two  or  three  flues,  and  there  is 
no  time  to  send  the  locomotive  to  the  shops,  the  flues  are  removed,  and 
the  hole  covered  by  a  buffer  plate;  the  plate  is  generally  placed  on  the 
inside  of  the  boiler,  with  the  screws  on  the  furnace  side.  If  more  than 
two  or  three  flues  are  affected,  putting  them  out  of  business  might  cause 
serious  inconvenience,  and  therefore  the  solid  buffer  plate  is  not  used 
then;  instead,  the  diameter  of  the  end  of  the  flue  is  reduced,  a  ring  (steel, 
bronze,  or  red  copper)  screwed  into  the  slot  so  as  to  cover  the  broken  part 
of  the  plate,  and  the  flue  hammered  over  the  ring. 

The  tube  plates  break  down  particularly  often  on  locomotives  working 
on  lines  of  uneven  profile.  When  going  up  a  grade,  the  exhaust  is  strong, 
the  fire  active,  the  flue  tubes  get  hot  and  tend  to  expand,  which  they 
can  do  only  toward  the  inside  of  the  boiler  owing  to  the  rigidity  of  the 
tube  plate;  as  a  result,  the  plate  is  under  strain.  When  the  train  goes 
down  grade,  the  temperature  of  the  tubes  rapidly  falls,  especially  if  the 
injector  is  set  into  action,  they  suddenly  contract,  and  exert  a  powerful 
strain    on   the  plate   in   an   opposite   direction.     These   rapid   changes  of 
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stresses  acting;  on   hot  metal   produce  -in   it   fatigues,   and  finally   lead  to 
i>reakdo\vns. 

To  preserve  the  pJMtcs  tlie  author  recommends:  preheating  of  feed 
water  (tried  on  two  series  of  locomotives,  hut  too  recently  to  luive  any 
results  recorded)  ;  superheating  (in  trials  on  a  large  Frencla  system  it 
was  fouud  that  the  locomotives  without  superheat  had  their  tube  plates 
all  cracked  after  a  run  of  150.000  kilometres  (say  93,000  miles),  while  the 
plates  in  locomotives  with  superheat  were  intact)  ;  choice  of  suitable  ma- 
terials (on  the  Saxony  I'ailroads  good  results  were  obtained  with  the 
upper  part  of  the  tube  plate  made  of  steel,  while  the  lower  was  of  cop- 
per, to  better  resist  the  action  of  the  fire). 

La  turbina  a  vapore  "  Tossi "  marina.  Fr.  Modugno.  Rivista  Marit- 
tima,  February  1912.  Description  of  the  Tossi  marine  turhine.  (Cp.  The 
Engineer.  London,  July  22,  1910). 

Die  Anfangstemperatur  als  eine  wertvolle  Kontrolle  bei  Verdampf- 
UNGSVERSLCHEN,  O.  Binder.  Chemiker-Zeitunij,  March  14.  1912.  2  p.  t. 
Discussion  of  initial  temperature  as  a  valuable  m,ethod  of  control  in  evap- 
oration tests.  The  total  heat  evolved  during  combustion  is  at  the  moment 
of  combustion  contained  in  the  gases  of  combustion.  Therefore,  if  the 
initial  or  combustion  temperature,  the  volume  of  gases  of  combustion,  and 
their  specific  heat  is  known,  it  is  easy  to  calculate  the  heat  of  combustion, 
and  this  must  be  equal  on  one  hand  to  the  sum  of  the  heat  in  the  steam, 
the  heat  in  the  exhaust  gases,  and  heat  losses  by  conduction  and  radiation, 
and  on  the  other  hand  to  the  theoretical  heating  value  of  the  fuel,  minus 
the  latent  heat  in  the  residues  of  combustion  and  unconsumed  gases  and 
soot.  The  losses  by  conduction  and  radiation  may  be  determined  by  heat- 
ing the  boiler  plant  up  to  a  certain  steam  pressure,  removing  the  fire,  and 
closing  the  fire  doors  and  dampers  air  tight.  The  losses  by  conduction  and 
radiation  can  then  be  determined  from  the  fall  in  steam  pressure  after 
some  little  time. 

The  author  has  shown  elsewhere  {Mitteil.  uher  Gegenstande  des  Artillerie-und  ' 
Geniewesens  1911,  vol.  2)  that  the  initial  temperature  may  be  found  from  the 
following  formula: 

Cal.  —w 

~  002(0.4886-1-0.00024  T)  +  N (0.308 +0.00007  T)  +  H2O (0.4692  +  0.000157) 
where  Cal.  is  the  theoretical  heating  value  of  the  fuel,  w  the  undeveloped  heat; 
CO2  volume  of  carbon  dioxide  evolved  from  1  kg.  of  fuel;  N  volume  of  nitrogen, 
oxygen,  and  other  gases,  having  the  same  specific  heat,  evolved  from  1  kg.  of 
fuel;  H2O  volume  of  steam  corresponding  to  1  kg.  of  fuel. 

The  heat  requu-ed  to  raise  the  temperature  of  the  gases  of  combustion  by  1 

(leg.  cent,  is  a  function  of  their  volume  and  specific  heat.    The  general  formula 

WE 
for  initial  temperature  is  ,  where  WE  is  the  total  heat  developed  in  WE  (1 

V.ff 

WE  is  equal  to  3.97  b.t.u.),  v  volume  of  gas,  and  o-  its  specific  heat.  The  total 
heat  developed  can  be  found  from  the  theoretical  heating  value  of  the  fuel,  by 
subtracting  from  it  the  latent  heat  in  the  residues  of  combustion,  soot,  and  un- 
burned  gases.  The  volume  of  the  gas  can  be  computed  from  the  contents  of 
carbon  dioxide  in  the  gas,  and  the  analysis  of  the  fuel,  in  the  usual  way.    Thus, 
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from  the  data  of  a  test,  in  1  cu.  m.  of  gases  of  combustion  there  is  0.5364X0.097 
=  0.05203  kg.  of  carbon  (1  cu.  m.  of  carbon  dioxide  contains  0.5364  kg.  of  car- 
bon).   But  1  kg.  of  coal  contains  0.6337  kg.  of  carbon,  and  therefore  from  1  kg. 

of  coal  -^ ,  or  12  cu.  m.  of  gases  of  combustion  are  evolved.    The  total  heat 

0.05203 

evolved  can  therefore  be  expressed  by  the  following  quadratic  equation: 

TXCO2X0.4886+0.00024r2  +  rxNX0.30S+0.00007r2xN+H2Ox7'X0.4692 

+H2O  X  r^  X0.00015  =  WE 

or,  more  generally: 

o        WE 
T.a  +  T\b  =  WE;        T^-+-  T--— =  0 
0  0 

The  author  proceeds  to  apply  his  formula  by  calculating  the  data  from  four  tests, 
and  shows  that  the  values  obtained  by  his  method  are  very  close  to  the  theor- 
etical heating  values. 

Vekfahrex  zur  Erhohung  des  Nutzeffektes  von  Feuerungsanlagen. 
Zeits.  des  internationalen  Vereines  der  Bohringenieure  und  Bohrtechniker, 
March  15,  1912.  2  pp.,  8  figs.  d.  Description  of  the  process  invented  by 
Max  von  Eberhardt  for  improving  the  efficiency  of  furnaces.  The  inventor 
started  from  the  well-kuown  fact  that  when  combustion  is  proceeding  with 
air  as  the  supply  of  oxygen,  nearly  four-fifths  of  that  air  consists  of 
nitrogen  which  does  not  help  combustion,  but  takes  up  a  large  amount  of 
heat  which  otherwise  might  do  some  useful  woi'k.  The  inventor  therefore 
brings  oxygen  to  the  fuel  in  the  form  of  superheated  steam,  i.e.  in  connec- 
tion with  hydrogen,  the  advantage  being  that,  after  the  steam  has  disso- 
ciated into  its  component  parts,  the  hydrogen  unites  with  some  of  the 
carbon  and  forms  hydrocarbons  which  materially  increase  the  thermal 
result  of  combustion.  In  fact,  the  author  claims  that  so  high  a  tempera- 
ture is  obtained  that  air,  and  consequently  nitrogen,  have  to  be  introduced 
into  the  furnace  as  a  cooling  medium,  to  make  the  process  practicable  for 
ordinary  boiler-plant  work.  The  article  describes  how  this  method  can  be 
adapted  to  flue  boilers,  and  oil  and  gas-fired  furnaces.  Only  the  firet  is 
abstracted  in  this  article. 

The  apparatus  for  use  with  flue  boilers  (Figs.  10  and  11)  is  set  as  shown 
in  Fig.  10,  1  being  the  flue,  and  2  the  flue  wall.  It  consists  (Fig.  11)  of  a 
casing  3,  open  at  one  end,  containing  a  tube  4  somewhat  contracted  in  its 
forward  end.  All  around  the  casing  there  are  slots  5  which  can  be  more 
or  less  opened  or  closed  by  the  slots  on  the  ring  6  set  on  the  outside  of  the 
casing.  The  inside  of  the  casing  1  is  divided  by  the  bearing  7  into  two 
chambers  respectively  connected  with  the  junction-pieces  8  and  9.  In  the 
bearing  7  is  located  a  hollow  threaded  spindle  provided  with  slots  11,  and 
carrying  at  one  end  a  pipe  12  open  in  front,  and  at  the  other  end  a  solid 
spindle  13;  this  spindle  passes  through  a  stuffing  box  in  the  wall  of  the 
casing,  and  is  provided  with  the  hand-wheel  14.  (Fig.  10).  The  steam  is 
conducted  to  opening  S  through  the  pipe  14  (Fig.  11),  the  gas  to  opening  9 
through  the  pipe  15,  while  the  admission  of  air  is  regulated  by  the  posi- 
tion of  the  ring  6.  The  temperature  of  the  flame  is  regulated  to  a  certain 
extent  by  the  mutual  position  of  the  ends  of  the  pipes  12  and  4,  since  the 
rate  of  diffusion   of   the  steam,   and   therefore  the  amount  of  hydrogen 
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brought  into  the  flame  is  inversely  proportional  to  the  distance  between 
(he  ends  of  the  two  pipes.  The  author  does  not  explain  how  he  succeeds 
in  effecting  the  dissociation  of  steam  into  its  component  parts,  but  states 
that  tests  made  with  gas  and  oil  furnaces  "  have  shown  the  correctness 
of  the  theoretical  calculations." 

Die  41.  Delegierten-  und  Ingenieub-Versammlung  des  Interna- 
TioNAUEN  Verbandes  der  Dampfkessel-Uberwachtjnqs-Vereine.  Gliiclcauf, 
March  23,  1912.  8  pp.  g.  Report  of  the  41st  meeting  of  tlie  delegates  of 
the  International  Association  of  Boiler  Inspection  Societies.  Among  other 
things  was  discussed  the  best  matei'ial  for  stop-valves  for  superheated 
stteatn.  The  expectations  entertained  as  late  as  1906  that  the  cast-iron 
valve  would  be  very  soon  forced  out  of  business  did  not  materialize.  It 
is  cheaper,  and  that  is  an  important  consideration  at  a  time  when  boiler 


Pigs.  10  and  li     Eberhardt  Api^akatus  fob  Firing  with  Steam  as  Source 

OF  Oxygen 


manufacturers  justly  complain  of  reduced  profits.  In  small  valves,  i.e. 
valves  with  walls  not  thicker  than  10  mm  (0.37  in.),  cast  iron  proved  to 
be  even  preferable  to  steel,  because  thin  steel  castings,  unless  made  of 
nickel  steel  or  other  suitable  alloys  are  not  reliable.  Valves  of  section 
of  opening  of  150  mm  (5.7  in.)  or  over,  ought  to  be  made  exclusively  of 
steel.  The  report  contains  a  detailed  discussion  of  the  heating  of  stop- 
valves,  and  standard  rules  for  their  construction. 

Das  Interferometer  zifr  UNTEKSuciiTTNfi  deb  Dampkkesselrauchgase, 
H.  L.  Braunkohlc,  March  22,  1912.  7  pp.,  9  figs.  d.  Description  of  new 
apparatus  of  Carl  Zeiss  in  Jena,  Germany,  for  optical  analysis  of  gases  of 
comhustion  by  means  of  an  interferometer.  The  analysis  is  based  on  the 
fact  that  the  refractive  power  of  the  gases  of  combustion  depends  on  the 
contents  of  COo,  and  therefore  a  gas  refractometer  could  be  constructed 
permitting  the  reading  of  the  analysis  of  a  gas  from  a  scale  by  simple 
inspection.  The  article  describes  several  types  of  apparatus :  a  simple, 
portable,  apparatus  for  boiler-room  use,  exact  to  within  0.1  to  0.2  of  1  per 
cent,  and  a  more  complicated  one  for  laboratory  use,  exact  to  within  0.01 
of  1  per  cent.  From  the  description  the  handling  of  the  apparatus  ap- 
pears to  be  compnratively  simple. 


FOREIGN    REVIEW  805 

Strensth  of  materials  and  materials  of  Coustriictlou 

T<:iSENPORTLANDZEMENT    TAf     VeRGLEICH    ZU     PoRTT.ANDZEMENT,    li.    PilSSOW. 

Stahl  und  Eisen,  March  21,  1912.  Sy^  pp.  e.  In  1909  the  Prussian  Minis- 
try of  Pnhlic  Works  .'idmittecl  sUkj  cement  for  use  in  puUic  works  equally 
with  Portland  cement.  This  was  done  after  exhaustive  tests  at  the  Royal 
Laboratory  at  Gross-Lichterfelde  West  which  showed  the  equality  of  both 
kinds  of  cement  as  far  as  strength  and  other  qualities  were  concerned,  the 
only  point  on  which  slag  cement  was  in  some  instances  found  to  be  inferior 
to  Portland  cement  being  in  its  resistance  to  the  action  of  the  atmosphere, 
but  even  that  only  to  a  very  small  degree.  The  commission  in  charge  of 
these  tests  made  arrangements  for  5  and  10-y ears'  tests,  the  first  of  which 
have  just  been  finished.  The  article  gives  extensive  abstracts  from  the 
reports  of  the  commission  in  charge  of  the  tests  (the  complete  report  wilj 
not  be  published  for  some  time),  the  final  conclusion  being  that,  as  mate- 
rials of  construction,  slag  cement  and  portland  cement  are  of  equal 
quality. 

VeBSUCHE     MIT     UMSCIINiJETEM     GUSSEISEN.        SYSTEM     Dr.     V.     EMPERGER. 

Beton  und  Eisen,  March  11,  1912.  ."}  pp.,  20  figs.  de.  Continuation  of  the 
article  on  "  strapped  "  cast  iron,  i.e.  cast  iron  surrounded  by  a  concrete 
jacket,  in  its  turn  reinforced  by  an  outer  helically  wound  steel  wire.  The 
axial  distance  between  the  turns  of  the  wire  ntust  be  at  least  equal  to  the 
thickness  of  the  concrete  core,  and  higher  compression  strength  can  be  ob- 
tained when  the  wire  is  wound  still  closer. 

VeRSUCHE  iJBER  DIE  VeRDREHUNG  VON  StABEN  MIT  RECHTECKIGEM  QUER- 
SCHNITT    UND    ZUB    ErMITTEIATNG    DEB    LaNGS-    UND    QUERDEHNUNG    AUF    ZuG 

BEANSPBUCHTER  Stabe.  O.  Bi'etschneider.  Zeits.  dcs  Vcreiitcs  deutschcr 
Tngcnieurc,  February  17,  1912.  G  pp.,  10  figs.  e.  Account  of  experiments 
on  torsion  in  bars  with  rectangular  cross-section,  and  their  elongation  and 
reduction  of  area  under  tension.  It  was  found  that  in  low  carbon  steel 
bars  with  the  ratio  of  sides  from  h-.b  =  1:1  to  h:b  =  10 : 1,  the  angle 
of  torsion  within  the  limit  of  elasticity,  can  lie  found  from  the  formula 

where  for  i/^i  must  be  sulistituted  the  values  calculated  for  different  ratios 
of  sides  by  Saint-Venant,  and  reproduced  liy  the  author  in  one  of  the  tables, 
and  Mfl  is  the  moment  of  torsion,  /3  the  coefficient  of  shear,  &  the  shorter, 
and  7(  the  longer  side  of  the  rectangular  cross-section  of  the  bar.  The 
largest  difference  between  the  values  obtained  from  tests  and  those  cal- 
culated from  this  formula  does  not  exceed  1.5  per  cent.  For  bars  with 
ratio  of  sides  of  cross-section  from  h:h  =  1:1  to  h:h  =  6:1  according 
to  tests,  for    t/^i  may  be  substituted 

h 
1^1=  3.645 -0.06- - 

0 

The  article  also  contains  a  discussion  of  the  distribution  of  stresses  in 
the  section  of  the  bar,  with  4.5  substituted  for  the  values  of  ^  given  by 
Saiut-Venant  in  the  equation  for  maximum  shearing  stress,  and  a  discus- 
sion of  relation  of  elongatiou  to  reduction  of  area  in  bars  under  tension. 
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PRiJFUNGSMASCHINB:    VON    3000    T    DrUCKKRAFT    FUR    ElSENKONSTRUKTION- 

STEiLE.  Ad.  Seydel.  Stahl  nnd  Eiscn,  March  7,  1012.  3  pp.,  1  fig.  d.  De- 
scription of  a  hydraulic  machine  for  testing  the  streni/th  of  materials  used 
in  bridge  construction,  capalile  of  exerting  a  pressure  of  3000  tons  on  bars 
up  to  15  m  (say  49  ft.)  long,  and  a  tension  of  1.500  tons  on  bars  up  to 
13  m  (say  42  ft.)  long.  The  machine  was  constructed  by  the  German 
Association  of  Bridge  and  Railroad  Supply  Manufacturers,  with  financial 
help  from  the  Prussian  Government  and  other  associations.  The  experi- 
mental work  and  distribution  of  data  ai*e  in  charge  of  a  special  board  con- 
sisting of  professors  of  teclinical  schools  and  practical  men. 

"(Jber  die  Messung  grosser  Krafte  im  Materialprufungswesen.  Ding- 
lei'M  Polytechtiisches  Journal,  March  9,  1912.  1  p.  t.  Account  of  a  paper 
read,  December  21,  1911,  by  A.  Martens  before  the  Prussian  Royal  Acad- 
emy of  Sciences  on  the  measurement  of  large  forces  in  testing  of  materials 
and  calibration  of  testing  machinery.  One  of  the  most  sensitive  methods 
appears  to  be  that  of  G.  Wazau  :  a  cylindrical  test  piece,  subjected  to  ten- 
sion or  compression,  is  placed  in  a  vessel  filled  with  a  liquid,  and  the  change 
of  volume  due  to  the  elongation  of  the  lest  piece  is  compensated  for  by 
immersion  of  a  body  actuated  by  a  micrometer  screw  In  such  a  way  that 
the  column  of  mercury  in  a  capillary  tube  connected  with  the  main  vessel 
remains  always  at  the  same  level.  This  apparatus  allows  the  measure- 
ment of  the  power  applied  within  2  kg  (4.4  lb.)  when  the  load  applied  is 
10.000  kg  (22,000  lb.).  It  is.  however,  necessary  In  tests  with  this  ap- 
paratus to  look  out  very  carefully  for  ]iossible  errors  due  to  variations  of 
temperature  which  materially  affect  the  readings. 

UbERBIJCK     tJBEK     DIE     GEBRAUCHLICHSTEX     FeSTIGKEITSPROBIERMASCHINEN, 

W.  Muller.  DingJers  Poly  tech  nisches  Journal.  March  2,  1912.  d.  A  discus- 
sion and  description  of  the  usual  testing  machines,  such  as  concrete  test- 
ing presses,  tension  testing  machines  of  Werder,  Martens.  Amsler,  and 
Pohlmeyer,  and  special  machines  for  hardness  and  torsion  tests. 

TiE  TENsiON-Mi;TRE,  Captain  Largier.  Memoircs  de  la  8oci6te  dcs  Ingd- 
nieurs  civils  de  France.  December  1911.  14  pp.,  8  figs.  d.  Description  of 
an  apparatus  for  measuring  tension  in  wires  in  active  service.  Tightening 
of  wires  by  turn-buckles  necessitated  the  use  of  some  apparatus  that  would 
show  when  the  tension  in  the  wire  was  approaching  the  limit  of  safety, 
especially  since  for  wires  of  sn)all  diameter  a  very  few  number  of  turns 
of  the  tightening  screw  may  mean  an  increase  of  thousands  of  pounds  in 
tension  per  square  inch  of  cross-section.  The  very  simple  apparatus  of 
Captain  Largier  is  based  on  the  fornnila  for  the  transversal  vibrations 
of  strings 

where  TV  is  the  number  of  vibrations  per  second,  L  the  length  of  the  vibrat- 
ing string,  K■^  a  numerical  coefficient,  and  /  tension  per  unit  area  of  cross- 
section  of  the  string.  The  apparatus  consists  of  a  double  rule  carrying  a 
resonator  and  two  brackets,  one  fixed,  and  the  other  movable.  To  find  the 
tension  In  a  wire.  e.g.  in  a  stay-wire  of  an  aeroplane,  the  apparatus  is 
placed  on  the  wire  by  special  grips  pressing  It  against  the  brackets,  and  the 
wire  is  struck  by  a  piece  of  wood  or  pencil  so  as  to  make  it  vibrate;  the 
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movable  bracket  is  then  adjusted  so  that  the  wire  should  give  a  certain 
detiuite  tone,  e.g.  la  (A  of  the  American  scale).  A  tuning  fork  may  be 
used  to  identify  the  tone  if  necessary.  Since  N  is  known  for  a  given 
tone,  the  formula  reduces  to 

L  =  K,  VT" 
where  K^  is  a  numerical  coefficient.  L  and  t  stand  therefore  iu  a  parabolic 
relation  to  each  other,  and  the  rule  may  be  graduated  in  such  a  way  that 
the  tension  in  the  wire  may  be  read  directly  from  the  position  of  the  mov- 
able bracket.  A  correction  has  to  be  made,  however,  in  the  case  of  wires 
of  comparatively  large  diameter.  The  article  contains  a  curve  showing 
how  the  increase  iu  the  diameter  of  tlie  v^^ire  affects  the  reading  of  the  in- 
strument. 

Tberiiiodyuaiulcs 

a  UER  uiE  Tkmperatukanderung  von  Luft  UNO  Sauerstoff  beim  Stbomen 
DURCH  eine  Dbosselstelle  BEX  10°  C  UNO  Dbucken  BIS  150  Atmosphaben. 
Emil  Vogel.  Zeits  fur  die  gesamte  Kdlte- Industrie,  February  1912.  4  pp.  et. 
Account  of  an  experimental  investigation  of  the  cooling  effect  produced  in 
air  and  oxi/f/en  by  flow  throuyh  a  tlirottling  orifice,  at  10  deg.  cent.  (50 
deg.  fahr.)  and  pressures  up  to  150  atmospheres.  The  experiments  were 
made  with  a  constant  difference  between  the  high  and  low-pressure  side  of 
the  oiiening  of  6  kg/qcm  (S5.32  lb.  per  sq.  in.),  and  with  as  good  protec- 
tion against  heat  losses  as  possible. 

It  was  found,  both  for  air  and  oxygen,  that  the  cooling  effect  diminishes 
as  the  absolute  pressure  rises,  and  that  there  is  for  both  gases  a  pressure 
limit  beyond  which  the  expansion  to  a  lower  pressure  produces  not  cooling, 

but  rise  in  temperature.     By  applying  the  law  of -^  for  the  reduction  of 

temperature  discovered  by  Tliomson  and  Joule,  the  author  obtains  the  fol- 
lowing formulae : 
for  air 


dt  =  (0.268  -0.0008G  p)\~r\dp 


(fj 


for  oxygen 


dt  =  (0.313-0.00085  p)  I  ^;r  I  <^P 


/273Y 

\t) 


where  di  is  the  cooling  effect,  dp  the  difference  in  pressure  between  the 
high  and  low-pressure  sides  of  the  opening,  p  the  absolute  pressure,  taken 
as  an  arithmetical  mean  between  the  pressures  on  both  sides  of  the  open- 
ing, T  the  absolute  temperature  taken  as  an  arithmetical  mean  between 
the  temperatures  on  both  sides  of  the  opening. 

It  was  found  that,  especially  with  low  pressures,  use  of  poor  insulators 
between  the  high  and  low-pressure  sides  of  the  opening  was  responsible 
for  quite  misleading  results.  When  hard  rubber  insulation  was  used,  tne 
relation  between  increase  of  temperature  and  decrease  of  cooling  effect 
was  found  to  be  linear,  while  with  porcelain  and  especially  copper  insula- 
tion not  only  the  values  of  cooling  effect  appeared  to  be  generally  less. 
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but  the  cooling  effect  increased  with  pressure,  readied  a  maximum  at 
about  20  atmospheres,  and  then  began  to  decrease.  This  can  be  explained 
by  the  discharge  of  heat  through  the  walls  of  the  throttling  apparatus 
which,  when  the  amount  of  gas  flowing  through  the  orifice  is  small,  reaches 
the  inner  layers  of  the  stream  of  gas,  and  consequently  the  thermometer, 
and  thus  apparently  diminishes  the  cooling  effect  for  low  pressure.  The 
author  shows  further  that  his  fornmla  agrees  with  tlie  results  obtained 
by  Thomson  and  Joule,  and  Linde. 

The  inversion  point,  i.e.  pressure  beyond  which  the  expansion  of  the 
gas  through  a  throttling  orifice  produces  rise  of  temperature  Instead  of 
fall,  at  0  deg.  cent.,  is  as  follows: 

From  van  dcr  From  author's 

Waals'  equation.  formula. 

In  atmospheres. 

.\ir     .320  .312 

Ox.vgeu    .362  370 

This  can  be  also  expressed  in  the  following  way.  The  author's  experi- 
mental formula  may  be  expressed  in  the  following  general  form : 


If  the  gas  is  expanded  from  a  higher  pressure  ;)i  to  a  lower  pressure  p, 
the  temperatures  of  the  gas  at  the  respective  pressures  being  1\  and  T, 
the  cooling  will  be  found  by  an  integration  to  be 


d  =  T^-T  =  T,^  T^-3{p,-p)a+^  ipi-p')b 


and  therefore  the  following  conditions  may  be  deduced : 
cooling  of  expanding  gas  if 


no  change  in  temperature  if 


rise  of  temperature  if 


2a 
Pi+P  <  — 


2a 


•J,a 
p\+Pi  >  — 


These  phenomena  cannot  be  explained  by  external  work,  and  must  there- 
fore be  ascribed  to  the  action  of  intermolecular  forces.  The  technical  im- 
portance of  the  investigation  lies  in  its  relation  to  such  as  the  Linde  pro- 
cess of  liquefaction  of  gases,  where  it  is  very  important  to  know  what 
pressures  to  use  to  obtain  the  gx'eatest  cooling  effect. 

ZusTANDGLEicHUNG  DER  Dampfe,  Jar.  Hybl.  Dingier s  Polytechnisches 
Journal,  March  2,  9,  1912.  7  pp.,  4  figs.,  9  tables,  t.  Theoretical  discus- 
sion of  the  equation  of  steam  and  gases  ("steams").  The  author  denotes 
by  the  term  "  steams"  gases  which  pass  into  liquid  state  at  comparatively 
slight  changes  of  temperature;  each  gas  may  be  called  steam  when  it  is 
near  its  point  of  condensation,  so  that  there  is  no  distinct  line  of  separa- 
tion between  gnses  and  steams. 
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The  author  investigates  tlie  equations  of  state  for  superheated  steuni  of 
Zeuner,  Callendar,  van  der  Waals,  Tumlirz,  and  others,  making  use  of  data 
from  the  experiments  of  Mollier  and  Linde,  and  concludes  that  the  most 
exact  equations  of  state  for  superheated  steam  are  those  of  van  der  Waals 
and  Callendar,  the  second  being  more  convenient  for  practical  purposes 
owing  to  its  comparative  simplicity. 

Besides  steam,  the  gases  most  widelj'  used  technically  in  thermic  pro- 
cesses are  ammonia,  carbon  dioxide,  and  sulphurous  acid. 

For  ammonia  the  author  proposes  the  following  variations  of  well-known 
e<]uations  for  steam : 
Tnmlirz's 

48.59  T 
i;= — 0.0187 


Callendar's 


van  der  Waals's 


49.7  T 
v=  -0.020S 


m 


49.7  7'        461 
~  v-0.014        v"-     . 
and  tlien  shows  that  for  saturated  ammonia  steam  all  equations,  including 
those  of  Wobsa,  give  practically  the  same  results.     For  superheated  am- 
monia  steam   Callendar's   and  van   der  Waals's  give  again  nearly   equal 
values  lying  between  those  of  the  other  equations 

For  carbon  dioxide  the  author  found,  by  comparing  values  obtained  with 
various  equations  with  the  values  from  Amagat's  tables,  that  all  equa- 
tions give  values  only  approximately  corrresponding  to  those  of  Amagat 
at  low  pressures,  and  give  too  high  pressures  at  the  critical  point.  The 
best  results  are  obtained  witli  Mollier's  equation 

19.32  T  19.36Xe^"n 

p= -  

i; -0.0002037         (?;+0.0007719)2 

where  7'k  is  the  critical  temperature 

Tk  =  273  4-  31.35  =  304.35  deg.  cent,  absolute 
and  van  der  Waals's  equation  in  the  following  form 

_      19-3  7      _  21.1 

~  2^-0.00027  ~  (t; +0.00086) 2 
With  superhoiited  carbon  dioxide  vapor  only  the  equations  of  Clausius 
and  Mollier  give  values  corresponding  to  those  in  the  Amagat  tables,  while 
the  other  efiuations  give  more  or  less  lower  values.  For  high  tempera- 
tures the  equations  of  Clausius  and  Mollier  give  nearly  equal  values,  the 
original  equation  of  van  der  Waals  higher,  and  his  modified  equation 
lower  values,  while  the  equations  of  Tumlirz  and  Callendar  give  consider- 
ably lower  values. 

For  sulphurous  acid  the  author  found,  on  the  basis  of  the  tables  of 
Cailletet  and  Mathias,  the  following  forms  of  general  equations  of  state 
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Tumlii-/. 


13.517 
i-=  ^  -  0.01164 

P 


Callendar 


van  der  Waals 


13.3  T 

-  0.008 
P 


m' 


13.3  T         40 

~  j; -0.002  "    v' 

For  saturated  vapor  the  Tuinlirz  equation  gives  values  equal  to  those 
of  the  tables,  while  the  other  two  equations  give,  for  temperatures  below 
10  deg.  cent.,  values  slightly  lower,  and  for  temperature  above  10  deg.  cent., 
slightly  higher  than  the  values  in  the  tables.  The  same  is  practically  true 
for  superheated  vapor  as  well. 

The   article    contains    many    tables    and    graphs    comparing    data    from 
various  tables  with  those  obtained  by  the  use  of  different  formulae. 
iniscellaneous 

I/A    DfiCH^-ANCE     DES     BREVETS     D'INVENTIONS     POUR     DEFAUT    D"  EXPLOITATION, 

L.  Bidault  des  Chaumes.  Le  Genre  Civil,  March  9.  1912.  1  p.  gA.  Discus- 
sion of  the  French  law  of  April  7,  1902,  providing  that  a  patent  for  an, 
invention  becomes  void  if  not  worked  for  two  consecutive  years  in  France, 
unless  the  patentee  presents  a  good  excuse  for  his  inactivity.  The  French 
courts  were  formerly  inclined  to  treat  the  provision  of  excuse  very  liber- 
ally :  thus  poverty  of  the  inventor,  or  refusal  of  railroad  companies  to  adopt 
an  invention  referring  especially  to  railroads,  were  considered  go(jd  ex- 
cuses. Another  tendency  seems  to  have  appeared  lately  :  in  the  case  of 
the  Thermos  Co.  the  court  declared  the  patent  void  owing  to  Inexploitation, 
notwithstanding  the  fact  that  the  company  has  proved  that  it  applied  to 
several  French  glass  factories,  and  that  none  was  willing  to  undertake  the 
manufacture  of  the  Thermos  bot.ttles.  The  court  held  that  the  Thermos 
Co..  to  preserve  its  patent  rights,  ought  to  have  ostablishod  a  special  fac- 
tory. 

Xeue  MtJLLEREiMASCHiNEN,  K.  Redlich.  Dry  praktischc  Maschinen 
Konstrukteiir,  March  14.  1912.  1%  p]>..  3  figs,  and  I  plate  of  drnwings.  d. 
Description  of  new  flour  milling  machinery. 

Das  Motokpflugwesem  vom  Standpunkte  der  Industrie,  Martiny.  Der 
Motorwagen,  March  20.  1912.  29  pp..  27  figs.  r/.  Discussion  of  economic 
possibilities,  and  description  of  motor-driven  plows,  mainly  those  of  the 
"  Stock  "  and  "  Ihace  "  types.  It  appears  that  German  motor-plow  users 
have  trouble  because  of  the  lack  of  technically  skilled  attendants.  When, 
however,  the  author  suggested  at  some  meeting  the  advisability  of  send- 
ing some  laborer  to  a  motor-plow  factory,  where  he  could  learn  the  con- 
struction and  operation,  he  w^as  told  that  that  could  not  be  done,  "  because 
the  man  won't  come  back,"  and  he  will  not,  says  the  author,  as  long  as  his 
wages  are  so  low.  The  article  contains  also  an  extensive  discussion  of  the 
question,  in  how  far  the  use  of  motor  plows  can  help  the  farmer  to  dis- 
pense with  horses. 
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ARTICLES  IN  PERIODICALS^ 

Capacjty  of  Large  Gas  Engines,  Increasing  the,  F.   E.  Juuge.     Puarr, 
March  19,  1932.    4V3  pp.,  4  figs.,  1  table,  o  curves. 

The    problem   of   increasing   the   output  of   large   :;as   engines    by    scavenging    by 
compressed  air,  and  the  difference  in  output  of  ordinary  and  scavenged  engines. 
Combination   Power  and  Ice   Plant,   Paul  C.   Percy.     Power,  March  20. 

1932.    8  pp.,  8  figs.,  1  table,     d. 
Describes  a   composite    plant  in    which   both    steam   and   gas   are    motive   powers 
and  the  products  are  ice  and  electricity.     Gives  results  of  a  ten-day  gas  power  run 
with   producers  burning  wood  scrap. 
Diesel  Oil  Engine  and  Its  Industrial  Importance,  The,  Rudolph  Diesel. 

The  Engineer  (London),  March  22,  29,  1912.     6  pp..  24  figs.,  1  curve. 

cdhpA.     (To  be  continued.)     Also  Engineering,  March  22.  1912.     11  pp.. 

22  figs.,  1  table,  3  curves,    cdh. 

Discussion  of  the  general  importance  of  the  Diesel  engine  and  the  questions 
brought  up  by  J.  F.  Schubeler  in  a  paper  before  the  Zurich  meeting  of  the  Institu- 
tion of  Mechanical  ICii^inecrs.  Describes  the  different  types  and  cycles  of  opera- 
tion of  Diesel  engines,  their  adtiptation  to  different  classes  of  service,  and  economy 
of  operation. 

Dif;sEL  Motor  Driven  F^inkr,  Success  of  the  First  Large,  .1.  Rendell  Wii 
SOD.     International  Marine  Engineering,  April,  1912.     (i  pp.,  8  figs. 

Cieneral  description  of  the  engines  and  trials  of  S.  S.  .Spjanriia  "f  the  East 
Asiatic  Co. 

Fi'FL  IN  THE  <iAS   Prodt  (KK,  SMALL  SiZED.     Tlir  Iro)i   Apr,   Manh    14,   1912. 
2  pp.,  2  figs.,  1  table.     '•'/. 
Test  results  with  the  K^rply  high-pressurp  type  showing  an   advance  in  the  use 
of  low-grade  fuels. 

Internal-Combustion  Engines  foe  German  Fishing  Boats.  F.  Romberg. 
Engineering,  March  1.  1912.    3  pp..  29  figs. 

Abstracts  of  paper  before  the  Schiffbautechnische  Gesellschaft,  Berlin,  Novem- 
ber 2.3,  1911. 


^  Opinions  expressed  are  those  of  the  reviewer,  not  of  the  Society.  Article.s 
are  classified  as  c  comparative ;  d  descriptive ;  e  experimental ;  h  historical ; 
jn.  mathematical ;  p  practical.  A  rating  is  occasionally  given  by  the  re- 
viewer, as  A,  B,  C.  The  first  installment  was  given  in  The  Journal  for 
May,  1910. 
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Lister-Bruston  Automatic  Electric  Lighting  Plant,  The.     Eiiyineering, 
March  22,  1912.    IV,  pp.,  4  figs.    d. 
Describes  a  self  contained  petrol  engine  and  dynamo  for  lighting  country  houses. 
Marine  Internal-Combustion  Engine,  An  Analysis  of  the  Claims  of 
the.    TJie  Engineer  (London),  March  15,  1912.     2  pp.,  8  figs.,  1  table. 
pA. 
Compared  with  steam  engines. 
Oil  Engine  Driven  Waterworks  Pump.     The  Enyineer  (I^ondon),  March 
8,  1912.    1/^  p.,  1  fig.,  ]  curve.     nipB. 
Test  of  pumps  and  engine. 
Oil  Power  Yacht  "  Mairt,"  The.     Poirer,  April  9.  1912.     3  pp..  fi  figs.,    I 
curve,    rf. 

Describes  the  powpr  pl.nnt  consisting  of  a  medium  pressure  reversing  oil  engino 
of  the  Diesel  type. 

Petrol-Driven   Rahavav   (Ur.     The  Enginerr    Hxnidon),   March   29.    1912. 
1  p.,  2  figs.    dpC. 

Passenger  and  mail  car  for  the  Midland  Great  Western  Railway  of  Ireland  with 
26-h.p.  vortical  engine,  4  in.   bore,   5  in.   stroke,   1000  r.p.m. 

Producer  Gas-Driven  Cargo  Vessel,  Sea-Going,  F.  C.  Coleman.     Interna- 
tional Marine  Engineering,  April,  1912.    3  pp.,  1  fig. 
General  description  of  and  performance  of  cargo  boat. 

Reversing  Gas  and  Oil  Engines,  A.  M.  Levin.    Power,  April  2,  1912.    4  pp., 
5  figs.,  1  curve,    d. 

Features  of  valve  and  reversing  gears  now  in  use  on  the  smaller  types  of 
engines. 

Turbine,  The  Gas,  Norman  Davey.     The  Engineer  (London),  March  8,  22, 
1912.    4  pp.,  4  figs.,  2  curves.     dhniA.    To  be  continued. 

Theoretical  principles  of  the  gas  turbine,  the  air  turbine,  air  turbine  with  ex- 
ternal combustion,  the  closed  cycle  air  turbine,  the  open  cycle,  internal-combustion 
in  which  the  expansion  takes  place  above  the  atmosphere,  and  internal-combustion 
turbines  in  which  the  expansion  takes  place  below  the  atmosphere. 

Twin  Screw  Motor  Ship  Selandia,  Description  of  the.     The  Engineer 
(London),  March  8,  15,  22,  1912.     7  pp..  8  figs.,  one  2-page  plate.     dpA. 

Size  of  ship,  370  ft.  long  by  73  ft.  beam  and  7400  ton  capacity  ;  engines  :  1250- 
h.p.,  8-cycle,  4-cylinder,  Diesel  type. 


REPORTS   OF  MEETINGS 

ENGINEERS  DINNER  AT  PROVIDENCE 

The  Providence  Association  of  Meclianical  Engineers,  affiliated  witli  tlie 
Society,  gave  a  dinner  on  March  26  in  the  Narragansett  Hotel,  which  was 
attended  by  more  than  a  hundred  guests.  Prof.  Ira  N.  Mollis  of  Harvard 
University,  seiuor  vice-president  of  the  Society,  represented  Dr.  Humph- 
reys, who  was  unable  to  attend,  and  extended  the  greetings  of  the  mem- 
bership and  Council. 

Professor  Hollis  was  followed  by  Calvin  W.  Rice,  Secretary'  of  the 
Society,  wlio  spoke  of  the  Society's  activities  and  of  its  increased  helpful- 
ness and  usefulness,  by  which  it  desired  to  benefit  not  only  the  member- 
ship but,  in  a  modest  way,  the  profession  at  large.  He  urged  the  partici- 
pation of  engineers  generally  in  public  affairs  where  engineering  was 
involved  and  pointed  out  the  especial  need  for  development  of  foreign 
commerce.  The  balance  of  trade  with  South  America  is  against  the 
United  States  by  over  $100;000,000  gold  annually,  and  is  increasing  from 
year  to  year. 

Mr.  E.  L.  Corthell,  the  spealier  of  the  evening,  was  then  introduced  and 
made  an  eloquent  address  on  the  Future  of  South  America,  where  he  had 
spent  many  years  of  his  life,  giving  many  personal  reminiscences 
of  his  work  for  the  governments  of  South  America,  including  the  build- 
ing of  jetties,  levees,  and  railroads.  In  conclusion,  he  announced  a  gift 
to  Brown  University,  of  which  he  is  an  alumnus,  of  his  entire  engineering 
library  of  over  7000  volumes,  all  bound  in  half  morocco,  and  of  provision 
for  the  continuance  in  perpetuity  of  subscriptions  to  the  proceedings  of 
all  the  39  learned  and  engineering  societies,  both  in  America  and  abroad, 
of  which  he  is  a  member. 

PHILADELPHIA  MEETING,  MARCH  30 

At  a  meeting  of  the  Society  in  Philadelphia  on  March  30,  a  paper  was 
read  on  an  Ideal  Flour  Mill  by  B.  W.  Dedrick,  instructor  in  milling  engi- 
neering, Pennsylvania  State  College.  This  meeting  was  held  at  a  time 
when  there  was  a  board  meeting  in  Philadelphia  of  the  Pennsylvania 
Millers'  Association,  so  that  the  Society  had  the  benefit  of  the  discussion 
of  those  in  attendance  at  this  meeting.  In  the  afternoon  a  visit  was 
made  to  the  Milbum  Mills,  Philadelphia,  one  of  the  oldest  in  the  coun- 
try.    An  abstract  of  the  paper  is  published  in  this  issue  of  The  Journal. 

SAN    FRANCISCO    MEETING,    APRIL    3 
At  a  meeting  of  the  Society  in  San  Francisco  on  April  3,  a  paper  upon 
the  Design  and  Mechanical  Features  of  the  California  Gold  Dredge,   by 
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R.  E.  Cranston,  was  discussed.    An  account  of  the  meeting  will  be  publistied 

in  an  early  issue  of  The  Journal. 

aT.  LOUIS  MEETING,  APRIL  13 
At  a  meeting  on  April  13  iu  the  Chapel  of  the  Second  Baptist  Church, 
held  under  the  auspices  of  the  Society,  the  Associated  Engineering  So- 
cieties of  St.  Louis  cooperating.  Dr.  Rudolph  Diesel  of  Munich,  inventor 
of  the  Diesel  oil  engine,  gave  an  illustrated  lecture  on  the  Development 
of  the  Diesel  Engine,  before  an  audience  of  over  500. 

NEW  HAVEN  .MEETING,  APRIL  17 
A  meeting  of  the  Society  was  held  in  New  Haven,  Conn.,  on  the  after- 
noon and  evening  of  April  17,  Manufacturing  Costs  being  the  general 
topic  for  consideration.  The  plan  of  a  two-session  meeting  was  tried  by 
the  New  Haven  members  at  a  meeting  last  November,  with  such  satisfac- 
tory results  that  this  second  meeting  followed  the  same  methods.  The 
registration  showed  an  attendance  of  134  at  the  professional  sessions  held 
in  the  Mason  Laboratory  of  the  Sheffield  Scientific  School,  and  more  than 
sixty  were  entertained  at  dinner  at  six  o'clock  at  the  Yale  Dining  Club. 
Considerable  interest  was  manifested  in  the  exhibition  of  some  Gridley 
automatic  turret  lathes  now  in  operation  in  the  laboratory  through  the 
cooperation  of  the  Windsor  Machine  Company. 

The  papers  read  at  the  afternoon  session  were  The  Development  of 
Manufacturing  Costs,  by  Prof.  J.  W.  Roe,  Mem.Am.Soc.M.E.,  assistant 
at  Sheffield  Scientific  School,  and  Manufacturing  Costs,  by  Bruce  Fenn  of 
Sargent  &  Company,  New  Haven.  These  were  discussed  by  W.  S.  Huson, 
Mem.Am.Soc.M.E.,  general  superintendent  of  the  Whitlock  Printing  Press 
Manufacturing  Company,  Derby,  Conn. ;  George  W.  Mixter,  Mem.Am.Soc. 
M.E.,  vice-president  of  Deere  &  Company,  Moline,  111.,  and  E.  S.  Cooley, 
Mem.Am.Soc.M.E.,  supervisor  of  power  plants,  N.Y.,  N.H.  &  H.R.R.  Com- 
pany, New  Haven. 

At  the  evening  session  a  paper  on  the  Cost  Department  and  Its  Rela- 
tion to  the  Management,  by  G.  P.  Miller,  secretary  of  the  Bridgeport  Brass 
Company,  Bridgeport,  Conn.,  was  discussed  by  C.  T.  Raymond,  Bridgeport, 
Conn.;  E.  W.  Pelton,  New  Britain,  Conn.;  Arthur  Brewer,  Mem.Am.Soc. 
M.E.,  superintendent  of  the  plant  of  the  Bridgeport  Brass  Company ;  E. 
J.  Mehren,  New  York ;  J.  W.  Roe,  Mem.Am.Soc.M.E.,  New  Haven ;  R.  T. 
Kent,  Junior  Am.Soc.M.E.,  editor  of  Industrial  Engineering,  New  York; 
M.  W.  Judge,  Waterbury,  Conn.;  P.  B.  Stanley,  New  Britain;  G.  A.  Kil- 
born.  New  Haven;  Chas.  F.  Scott,  Mem.Am.Soc.M.E.,  professor  of  elec- 
trical engineering,  Yale  University. 

PROCEEDINGS    OF    THIRD    NATIONAL    CONSERVATION    CONGRESS 

The  Executive  Committee  of  the  National  Conservation  Congress  has  de- 
cided to  throw  the  reserve  supply  of  the  official  addresses  and  proceedings 
of  the  Third  National  Conservation  Congress  open  to  the  public.  These 
are  the  only  publications  that  record  authoritatively  the  advance  of  the 
great  conservation  movement.    They  contain  the  speeches  of  President  Taft. 
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Ck)lonel  Koosevelt,  Gillord  rincliot,  Jaiuos  K.  (jurtleld,  ami  other  men  oi' 
national  reputation,  as  well  as  the  reports  of  the  state  conservation  com- 
missions and  of  the  conservation  committees  of  national  associations.  As 
reference  books  on  conservation  they  are  invaluable. 

As  soon  as  (he  present  liniitod  supi)ly  is  exhausted  no  more  can  be  had 
at  any  price.  While  the  supply  lasts  tlie  complete  set  will  be  sent  for  $3, 
or  $1  a  volume,  prepaid.  On  account  of  the  limited  supply  it  is  probable 
that  only  early  orders  can  be  filled.  Orders  may  be  addressed  to  Thomas 
R.  Shipp,  Executive  Secretary,  National  Conservation  Congress,  Indian- 
apolis, Ind.,  witli  checks  made  payable  to  D.  A.  Latchaw,  Treasurer. 

STUDENT  BRANCHES 

ARMOUR  INlSTITUTE_OF  TECHNOLOGY 
At  a  meeting  held  April  9  by  the  Armour  Institute  of  Technology  Stu- 
dent Branch  the  following  officers  were  elected  for  the  coming  year : 
chairman,  E.  R.  Burley ;  vice-chairman,  J.  D.  Bradford;  secretary,  H.  It. 
Kuehn ;  treasurer,  A.  Robertson.  A  paper  on  Oil  Engines  was  also  read 
by  J.  C.  Miller  and  discussed  by  I.  Newman  and  A.  J.  Beerbaum.  The 
adaptability  of  the  oil  engine  for  power  purposes  was  treated  with  regard 
to  its  reliability  and  the  cost  of  operation  and  maintenance.  Some  of  the 
most  successful  oil  engines,  such  as  the  Diesel  and  De  La  Vergne  types, 
were  described  in  detail  with  the  aid  of  a  large  number  of  lantern  slides. 

COLUMBIA    UNIVERSITY 

The  Student  Branch  of  Columbia  University  held  a  meeting  March  29, 
at  which  P.  Wood  read  a  paper  on  Power  Steering  Gears  on  Modern 
Steamships. 

On  April  12,  two  papers  were  presented:  Layout  for  a  Manufacturing 
Plant,  by  B.  Rogowski ;  and  Precision  Measuring  Instruments,  by  B.  Em- 
mert.  Discussion  was  offered  by  Messrs.  Eddison,  Thurston,  Brombacker 
and  Demorest.  Professor  Rautenstrauch  and  Messrs.  Parr.  Thurston  and 
Herrick  also  gave  short  talks. 

CORNELL    UNIVERSITY 

C.  C.  Anthony,  Cornell  1886,  assistant  signal  engiiieer  of  the  Pennsyl- 
vania Railroad  and  son  of  Professor  Anthony  who  founded  at  Cornell  Uni- 
versity the  first  course  in  electrical  engineering  in  this  country,  spoke  on 
Railway  Signaling  for  Intensive  Operation  before  a  meeting  of  the  Sibley 
College  Student  Branch  April  11. 

On  March  15  Calvin  W.  Rice,  Secretary  Am.Soc.M.E.,  spoke  on  the 
Advantage  of  Membership  in  Student  Sections  of  the  Engineering  Socie- 
ties, and  on  March  29  J.  C.  Bishop  read  an  original  paper  on  Cement  Man- 
ufacturing. The  paper  was  commented  on  by  Prof.  R.  C.  Carpenter.  A 
general  discussion  followed. 

MASSACHUSETTS    INSTITUTE    OF    TECHNOLOGY 
On  March  19  the  Mechanical  Engineering  Society  of  the  Massachusetts 
Institute  of  Technology  held  its  annual  banquet  and  election  of  officers  at 
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the  Boston  City  Club.  The  officers  are  as  follows:  oha/ruiaii,  J.  C.  Rus- 
sell ;  vice-chairman,  H.  D.  Peck ;  secretary,  J.  B.  Farweil ;  treasurer,  L.  L. 
Custer;  goveruiug  committee,  E.  W.  Brewster,  W.  H.  Brothertou  aud  M. 
L.  Waterman.  The  speakers  of  the  evening  were  Ira  N.  HoUis,  I.  E.  Moul- 
trop,  E.  E.  Curtis,  R.  H.  Rice  and  Prof.  E.  F.  Miller,  all  members  of  the 
Society,  and  H.  W.  Hayward. 

On  April  3  the  civil  and  mechanical  engineering  societies  were  addressed 
by  James  W.  Nelson  on  High-Pressure  Hydrostatic  Machinery.  After  the 
discussion  of  many  problems  of  construction  and  the  manner  in  which  they 
were  overcome,  lantern  slides  were  shown,  among  which  were  some  excel- 
lent pictures  of  the  excavations  and  locks  at  Panama. 

PENNSYLVANIA  STATE  COLLEGE 

iJuring  his  visit  to  the  Pennsylvania  State  College  on  March  20,  Calvin 
W.  Rice,  secretary  of  the  Society,  delivered  two  lectures,  one  to  the  entire 
engineering  school  when  he  dealt  with  the  benefits  to  be  derived  from  all 
engineering  societies  by  its  members,  and  another  to  the  members  of  the 
mechanical  engineering  society,  when  he  spoke  more  specifically  concern- 
ing membership  in  the  Society. 

POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

Edward  A.  Uehling  read  a  paper  on  CO2  Recorders  before  a  meeting 
of  the  Polytechnic  Institute  Student  Branch  on  March  30.  Other  speak- 
ers of  the  evening  were  Fred  R.  Low,  F.  W.  Atkinson,  G.  A.  Orrok,  J. 
B.  Chittenden  and  W.  D.  Ennis. 

PURDUE  UNIVERSITY 

At  a  meeting  of  the  Purdue  University  Student  Branch  on  March  20, 
Prof.  H.  C.  Peffer  of  the  School  of  Chemical  Engineering,  spoke  on  Re- 
fractory Materials. 

The  meeting  of  April  3  was  addressed  by  W.  I.  Battin  of  the  Indiana 
Lighting  Company,  who  spoke  on  The  Manufacture  and  Distribution  of 
Gas. 

UNIVERSITY    OF    ARKANSAS 

At  a  meeting  of  the  Student  Branch  of  the  University  of  Arkansas  held 
March  26,  R.  E.  Thornton  i-end  a  paper  on  Over-Sppculation  and  Prof.  W. 
N.  Gladson  read  one  on  the  Motor  in  the  Machine  Shop. 

UNIVERSITY    OF    CINCINNATI 

The  University  of  Cincinnati  Student  Branch  held  an  open  meeting 
March  21,  at  which  a  lecture  on  Gears,  Their  Manufacture  and  Design, 
was  given  by  Ralph  E.  Flanders,  Assoc.Am.Soc.M.H  The  discussion  was 
led  by  John  T.  Rowell. 

A  meeting  of  the  members  was  held  March  26,  and  consisted  of  reviews 
of  various  current  engineering  periodicals  by  those  in  attendance. 
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UNIVERSITY    OF    ILLINOIS 

The  Univei'sitj'  of  Illinois  Student  Branch  held  a  meeting  March  29,  at 
which  various  methods  of  welding  and  their  applications  were  discussed 
in  papers  by  the  following:  Arc  Welding,  J.  N.  Todd;  Flame  Welding,  A. 
L.  Myers ;  Thermit  Welding,  A.  H.  Agaard.    A  general  discussion  followed. 

On  April  12  the  section  was  affiliated  with  the  Associated  Engineering 
Societies  of  the  university,  the  indiWduality  of  the  branch  remaining  in- 
tact. The  program  included  papers  on  the  Muncie  Oil  Engine,  by  R.  C. 
Chestnutt;  and  the  Diesel  Engine,  by  H.  F.  Crooks.  A  general  discus- 
sion  followed. 

UNIVERSITY    OF    KANSAS 
The  Geology  of  the  Earth's  Crtist  by  Professor  Twenhoffel  was  the  sub- 
ject of  the  meeting  of  the  University  of  Kansas  Student  Branch,  March  7. 

UNIVERSITY    OF    MISSOURI 

A  paper  on  Water  Power,  illustrated  by  lantern  slides,  was  presented 
by  H.  E.  Weaver  and  A.  E.  Pierce  at  a  meeting  of  the  University  of  Mis- 
souri Student  Branch  on  March  20. 

WASHINGTON  UNIVERSITY 
John  Hunter,  Mem.Am.Soc.M.E.,  gave  an  illustrated  lecture  on  Central 
Power  Plant  Operation  and  Economy,  with  special  reference  to  the  Ash- 
ley Street  plant  of  the  Union  Electric  Light  and  Power  Company,  before 
the  Washington  University  Student  Branch  on  March  28.  A  general  dis- 
cussion followed. 

YALE    UNIVERSITY 

At  a  meeting  of  the  Yale  University  Student  Branch  on  March  25,  F. 
E.  Booth  read  a  paper  on  Railway  Signaling.  The  lecture  was  fully  illus- 
trated by  lantern  slides  showing  the  interlocking  system  as  used  by  the 
Union  Switch  and  Signal  Company  in  the  New  York  subway  as  well  as  in 
the  systems  of  large  railways. 

At  the  meeting  held  on  April  12,  Dr.  Alex.  C.  Humphreys,  President  of 
the  Society,  delivered  an  address  concerning  the  position  of  the  technical 
graduate  upon  leaving  college. 


NECROLOGY 


HENRY    W.    SPANGLER 


Henry  W.  Spangler  was  born  at  Carlisle,  Pa.,  January  18,  1858. 
He  was  graduated  with  high  rank  at  the  United  States  Naval  Acad- 
emy in  the  class  with  two  others  who  have  attained  to  prominent 
positions  in  the  field  of  engineering  education,  namely,  Ira  N. 
Hollis,  head  of  the  engineering  department  at  Harvard  University, 
and  M.  E.  Cooley,  dean  of  the  department  of  engineering  at  the 
University  of  Michigan. 

Professor  Spangler  was  assistant  engineer  in  the  United  States 
Navy  from  1878  to  1889,  although  for  about  half  of  that  period  he 
was  connected  on  detached  service  with  the  faculty  of  the  University 
of  Pennsylvania,  first  as  assistant  professor  of  mechanical  engineer- 
ing from  1881  to  1884,  and  from  1887  to  1889,  and  then  as  full  pro- 
fessor, holding  the  Whitney  professorship  of  dynamical  engineering. 
During  the  Spanish-American  War  he  served  for  a  brief  period  as 
chief  engineer  in  the  United  States  Navy.  With  that  exception  he 
was  in  the  service  of  the  University  of  Pennsylvania  as  head  of  the 
mechanical  and  electrical  engineering  department  continuously 
from  1887  till  his  death. 

He  was  the  author  of  a  number  of  standard  textbooks  and  nu- 
merous technical  papers  and  professional  reports.  The  textbooks 
from  his  pen  embra(;e  Valve  Gears;  Notes  on  Thermodynamics;  Ele- 
ments of  Steam  Engineering,  which  ho  wrote  in  (roUaboratiou  with 
A.  M.  Greene  and  S.  M.  M;i,rshall;  Graphics;  and  Applied  Thermo- 
dynami(;s.  1T(^  was  a  member  of  the  American  Society  of  Naval 
Architects  and  Marine  Engineers,  the  American  Society  of  Naval 
Engineers,  the  American  Society  for  Testing  Mnterials,  and  the 
Society  for  the  Promotion  of  Engineering  Education,  the  Franklin 
Institute  and  the  Engineers  Club  of  Philadelphia.  He  was  a  mem- 
ber of  the  Advisory  Council  of  the  Engineering  Congress  of  the 
World's  Columbian  Exposition  in;jl893  .and^of_^the^Jury^of  Awards 
at  the  Buffalo  Exposition  in  1901. 

jjln  1896  the  University  of  Pennsylvania  conferred  upon  him  the 
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honorary  degree  of  Master  of  Science  and  ten  years  later  the  degree 
of  Doctor  of  Science.  He  died  March  17,  1912,  at  his  home  in 
Philadelphia. 

Edgar  Marburg,  professor  of  civil  engineering  at  the  University  of 
Pennsylvania,  pays  him  the  following  tribute: 

As  a  writer,  his  chief  characteristics  were,  pei'haps,  his  painstaking  efforts  to 
present  the  subject  in  the  simplest  and  clearest  manner  consistent  with  the  in- 
tended scope  of  treatment,  and  to  keep  in  view  the  practical  requirements  of 
prospective  engineers,  rather  than  theorists. 

As  a  teacher,  he  was  lucid,  stimulating,  progressive,  and  always  intensely 
practical.  His  first  concern  was  to  help  the  students  to  gain  a  firm  grasp  of  the 
underlying  principles  of  the  subject,  and  then  to  encourage  them  to  rely  on  their 
own  resources  in  the  application  of  these  principles.  On  no  point,  perhaps,  was 
he  more  insistent  than  that  of  individual  responsibility,  which  his  students  were 
lequired  to  assume  in  every  branch  of  their  work. 

A  strict  and  almost  military  disciplinarian,  he  was  no  less  rigid  in  the  stand- 
ards which  he  applied  to  himself.  The  respect  and  admiration  in  which  he  was 
held  by  his  students  ripened  into  affection  as  they  came  to  see  him  at  closer 
range.  There  were  few  graduates  who  failed  to  turn  to  him  at  some  time  for 
helpful  counsel  in  the  perplexities  of  later  years,  or  who  failed  to  accept  it,  even 
though  it  ran  counter  to  their  own  promptings. 

He  possessed  to  a  remarkable  degree  the  faculty  of  perceiving  clearly,  and 
almost  intuitively,  the  essential  elements  of  a  seemingly  diflBcult  problem  or 
complex  situation,  and  he  was  as  quick  in  action  as  in  perception.  Few  excelled 
him  in  the  clear  discernment  of  the  fallacies  of  an  argument  or  in  the  directness 
of  the  challenge  of  such  fallacies.  Of  a  thoroughly  progressive  bent,  he  did  not 
allow  himself  to  be  beguiled  into  strange  paths  by  the  educational  fads  and 
follies  of  the  hour.  The  business  of  education  was  to  him  a  serious  business,  with 
which , liberties  were  not  to  be  taken  lightly. 

EDWARD    S.    RENWICK 

Edward  v'^.  J^'iiwick,  who  died  March  19,  1912,  was  born  January 
3,  1823,  in  New  York,  and  when  thirteen  years  of  age  entered  Co- 
lumbia University,  the  youngest  member  of  his  class.  After  gradua- 
tion in  1839  ho  engaged  in  the  manufacture  of  iron  with  the  New 
Jersey  Iron  Company  at  Boonton,  as  assistant  and  bookkeeper  to  the 
superintendent.  In  1844  he  was  employed  to  examine  and  report  upon 
some  mines  in  Maryland  and  was  afterward  sent  to  England  to 
attend  to  matters  appertaining  to  them.  Here  he  had  the  oppor- 
tunity to  examine  the  best  iron  works  in  both  England  and  Wales. 
In  the  fall  of  1845  he  returned  to  America  and  became  superintendent 
of  the  Wyoming  Iron  Works  at  Wilkes-Barre,  Pa.,  which  comprised 
a  merchant  mill  for  rolling  bars,  a  sheet  mill,  a  mill  for  rods  and  hoops 
and  a  nail  factory.  He  also  put  up  a  small  blast  furnace  in  the  same 
town  and  engaged  in  the  manufacture  of  pig  iron.    In  the  spring^of 
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1849  Mr.  Renwick  went  to  Washington  and  associated  himself  with 
Peter  H.  Watson,  subsequently  Assistant  Secretary  of  War  under 
Stanton  during  the  Lincoln  adminstration,  in  the  business  of  solicitor 
of  patents  and  expert  in  patent  causes  in  the  United  States  Courts. 
While  at  Washington  he  made  several  inventions,  the  most  impor- 
tant of  which  was  the  original  self-binding  reaping  machine,  which 
cut  the  grain,  gathered  it  into  gavels,  compressed  it,  and  bound  it 
into  sheaves,  with  wire,  but  preferably  with  twine.  It  remained 
dormant,  however,  until  the  seventies,  after  the  expiration  of  the 
patents,  when  the  impossibility  of  obtaining  sufficient  laborers  to 
harvest  grain  in  the  old  way  forced  it  into  use.  This  invention,  with 
small  improvements,  has  yielded  millions  to  the  makers  of  reaping 
machines,  and  has  added  untold  wealth  to  the  country. 

In  December  1854  Mr.  Renwick  returned  to  New  York,  and  his  first 
employment  was  as  consulting  engineer  to  Harrison  Gray  Dyer,  who 
had  become  president  pro  tem  of  the  New  Haven  Railroad.  His  em- 
ployment in  this  position  terminated  with  the  resignation  of  Mr.  Dyer 
and  he  resumed  the  practice  of  his  profession  as  patent  expert  and 
consulting  engineer.  The  most  important  engineering  matter  in  which 
he  was  called  upon  to  act  was  the  repair  of  the  Great  Eastern  steamer 
while  afloat.  This  consisted  in  covering  with  iron  plating  a  fracture 
of  the  bilge  27  feet  beneath  the  water,  28  feet  long  and  10  feet  6  inches 
broad  at  its  widest  part,  a  feat  declared  impossible  by  other  experts. 
He  did  the  work  in  conjunction  with  his  brother,  Henry  B.  Renwick. 

From  1865  Mr.  Renwick's  employment  as  expert  in  patent  causes 
was  continuous.  He  had  probably  been  subjected  to  the  longest 
cross-examinations  of  any  expert.  Thus  in  one  of  his  early  cases  his 
cross-examination  lasted  twenty-one  days,  with  the  result  that  the 
United  States  Circuit  Court  and  afterward  the  United  States 
Supreme  Court  on  appeal,  adopted  the  construction  of  the  patent 
given  by  him  in  favor  of  the  defendant.  In  another  case  the  cross- 
examination  by  the  complainant's  counsel  was  carried  on  in  sessions 
of  from  one  to  three  days  separated  by  intervals,  the  whole  amount- 
ing to  twenty-two  days  running  through  six  months,  when  the  case 
was  compromised  for  $15.  In  the  Leffel  waterwheel  case  he  was 
cross-examined  thirty-five  days,  the  decision  of  the  court  being  in 
favor  of  the  plaintiff  on  whose  behalf  he  had  been  called  as  expert. 

Mr.  Renwick  was  greatly  interested  in  artificial  incubation,  and 
it  was  due  largely  to  his  efforts  and  inventions  that  the  raising  of 
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young  chickens  was  rendered  a  paying  industry.  He  was  also 
responsible  for  many  other  inventions,  among  which  are  the  balanced 
compound  steam  engine,  and  the  system  of  surrounding  that  portion 
of  the  shaft  of  a  twin  propeller  which  extends  beyond  the  vessel 
with  a  casing  of  sufficient  size  to  permit  this  portion  of  the  shaft  to  be 
inspected  to  the  stern  bearing.  Both  of  these  are  described  in  his 
English  Patent  of  1868.  The  former  invention  did  not  come  into 
use  until  the  last  decade  of  the  last  century;  and  the  latter  until  the 
accident  to  one  of  the  shafts  of  the  City  of  Paris,  since  which  it  has 
been  employed  in  all  the  great  sea-going  steamers  with  twin  screws. 
In  1893  Mr.  Renwick  published  his  work  on  Patentable  Inventions, 
which  lias  been  called  the  only  sensible  treatise  ever  written  on  the 
subject. 

He  was  a  member  of  the  American  Chemical  Society,  the  En- 
gineers Club,  the  Union  Club,  the  New  York  Yacht  Club,  the  St. 
Nicholas  Society  and  other  similar  organizations. 

LEE    D.    FISHER 

Lee  D.  Fisher  was  born  December  22,  1875,  at  Elyria,  Ohio,  and 
died  February  8,  1912,  at  his  home  in  Joliet,  111.  In  1897  he  was 
graduated  from  Washington  University  as  an  electrical  and  me- 
chanical engineer  and  accepted  a  position  as  boiler  and  elevator  in- 
spector for  the  Union  Casualty  and  Surety  Company  of  St.  Louis. 
Four  months  later  he  was  transferred  to  the  company's  New 
York  office.  When  the  Spanish-American  War  broke  out  he  was 
appointed  chief  assistant  engineer  on  the  flagship  New  York  and 
later  was  transferred  to  the  transport  Buffalo  in  charge  of  the 
engine  room,  making  a  trip  to  Manila,  where  he  was  temporarily 
assigned  to  shore  duty  as  engineer  in  charge  of  fortifications  during 
the  insurrection  of  Aguinaldo.  He  returned  to  the  United  States 
on  the  Buffalo  as  chief  engineer. 

Mr.  Fisher  joined  his  father  in  1900  in  electric  railroad  building 
out  of  Columbus,  Ohio,  serving  as  chief  engineer  in  the  construction 
of  three  roads  radiating  from  that  city.  In  1903  he  aided  in  building 
the  Joliet,  Plainfield  and  Aurora  Railroad  and  the  Joliet  and  Southern 
Traction  Company's  line.  In  1911  he  accepted  service  with  the 
Public  Service  Company  of  Northern  Illinois,  having  charge  of 
franchise  matters  for  the  company  until  last  October,  when  he  was 
made  assistant  to  the  vice-president  and  placed  in  charge  of  the 
publicity  department  of  that  corporation. 


EMPLOYMENT  BULLETIN 

The  Society  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium  of  securing 
better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention  and  is  most 
anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are  not  repeated 
except  upon  special  request.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month. 
The  list  of  men  available  is  made  up  of  members  of  the  Society,  and  these  are  on  file  in  the  Society 
office,  together  with  names  of  other  good  men  not  members  of  the  Society,  who  are  capable  of  filling 
responsible  positions.     Information  will  be  sent  upon  application. 

POSITIONS   AVAILABLE 

0160  Works  superintendent  for  plant  employing  350  men,  manufacturing 
heavj'  machinery,  Corliss  engines,  etc.  Superintendent  must  be  competent  to 
take  full  charge  of  entire  plant.     Apply  through  Am.  Soc.  M.  E. 

0161  Technical  graduate  having  practical  experience  as  an  executive  in 
charge  of  engineering  department  of  a  manufacturing  plant,  or  as  assistant  to 
such  an  executive,  wanted  by  Ohio  concern.  Familiarity  with  modern  systems 
of  management,  construction  of  industrial  and  mining  cars,  design  and  con- 
struction of  commercial  auto  trucks. 

0162  Engineer  experienced  in  automobile  engine  design  and  owning  patent 
on  silent  sliding-valve  engine  which  he  believes  has  superior  merit  over  best 
types  now  known,  desires  to  interest  capital  to  develop  same. 

0163  Mechanical  draftsman  experienced  in  the  design  of  motors,  generators 
and  detail  apparatus,  such  as  controllers,  switchboards,  circuit  breakers,  etc. 
State  experience  and  salary  expected.  Only  first  class  men  need  apply.  (Ad- 
dress Chief  Clerk,  Engineering  Department,  Westinghouse  Elec.  and  Mfg.  Co., 
E.  Pttsburgh,  Pa.) 

0164  Mechanical  engineer  to  collaborate  with  inventor  in  commercial  de- 
velopment of  a  new  cycle  engine  and  later  to  manage  the  manufacturing  end  of 
the  business.  Man  somewhat  experienced  n  thermodynamics  and  ambitious 
to  assist  in  promoting  to  the  fullest  extent  the  development  of  the  mechanical 
end  of  the  business,  so  that  one  would  be  preferred  who  can  take  a  pecuniary 
interest  in  the  business. 

0165  Manufacturing  executive  for  concern  in  New  England,  manufacturing 
electrical  hardware,  switches,  cutouts,  etc.,  small  growing  concern  well  supplied 
financially;  executive  with  brains,  experience  and  tireless  energy.  Salary  $5000 
upward  according  to  man.    Apply  through  Am.  Soc.  M.  E. 

MEN    AVAILABLE 

406     Works  manager,  long  experience  on  light  manufacturing  involving  in- 
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terchangeable  parts.    Competent  to  organize  all  departments  of  manufacturing 
plant  along  modern  lines. 

407  Mechanical  engineer,  age  34,  technical  graduate,  four  years'  experience 
in  design  and  construction  of  steam  engines,  two  years'  superintendent  of  engine 
works,  three  years'  construction  and  complete  power  plant  installation;  desires 
position  with  sales,  construction  or  manufacturing  concern. 

408  Mechanical  and  electrical  engineer;  graduate  University  of  Pennsylvania, 
desires  position  in  connection  with  sales  department.  Practical  experience  covers 
sales,  mechanical  design,  charge  of  drafting  room,  foreman  in  machine  shop  and 
individual  work  on  various  machine  tools.  Detailed  information  and  references 
given  upon  request. 

409  Junior  member  of  the  Society,  holding  degrees  of  S.B.  and  M.M.E.,  four 
years'  teaching  experience  and  two  years'  engineering  practice;  desires  position 
on  instructing  staff  of  mechanical  department  of  some  college. 

410  Junior  member,  technical  graduate,  age  26,  married,  experienced  in 
machine  shop,  automatic  machine  design,  miscellaneous  engineering  work;  now 
employed,  but  desires  to  locate  with  a  reliable  concern  with  opportunity  to 
advance.    Can  furnish  the  best  of  references  of  character,  abiUty,  rehabihty,  etc. 

411  Graduate  Mass.  Inst.  Tech.,  25  years  of  age,  experienced  in  drafting  and 
designing  of  special  machinery  and  buildings  for  foundry,  machine  shop,  rolling 
mill  and  special  manufacturers,  shop  experience  and  in  the  manufactm-e  of  steel 
office,  bank  and  library  furniture  and  floors.  Desires  position  in  the  mechanical 
engineering  line  in  or  near  Spokane,  preferal)ly  that  of  assistant  to  manager  or 
superintendent. 

412  Position  as  manager  of  small  growing  factory  desired  by  mechanical 
engineer,  32  years  old,  technical  graduate,  three  years'  experience  as  machinist 
apprentice,  two  years'  drafting,  four  years'  production  and  industrial  engineering 
instalhng  shop  and  cost  systems,  rearranging  and  equipping  plants  for  increased 
efficiency.  Famihar  with  laying  out  new  plants  and  electrical  installations.  At 
present  general  superintendent  of  factory  employing  150  to  200  men.  In  charge 
of  manufacturing,  production,  factory  accounting,  and  costs. 

413  Member,  with  extensive  experience  in  large  machine  and  tool  manufac- 
turing  plants,  finest  and  most  accurate  classes  of  precision  work  to  the  heaviest; 
fliorough  practical  knowledge  of  tools,  machinery,  equipment,  modern  shop 
practice  organization  and  management,  seeks  connection  as  superintendent, 
master  mechanic  or  factory  manager  where  there  is  real  need  of  man  who  can 
do  things.    Salary  not  less  than  $3000  and  can  earn  more. 

414  Junior,  technical  graduate,  32  years  old,  married,  ten  years'  practical 
experience,  mostly  steel  mills.  At  present  district  sales  manager  in  Middle  West ; 
desires  change  requiring  less  traveling.  Would  Uke  to  interest  party  with  capital 
in  complete  engineering  sales  line  for  Birmingham  District. 

415  Member,  experienced  in  design,  construction,  operation  and  testing,  gas 
and  oil  engines,  steam  engines,  compressors,  pumps  and  general  power  plant 
Tvork;  good  shop  man.     Formerly  chief  engineer  for  old  established  firm;  now 
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foiiiiecti'd  with  one  of  largest  universities  in  the  country.     Desires  to  secure 
position  fro)n  Jiuie  1  to  October  1. 

410  Member,  mechanical  engineer,  Cornell  graduate,  having  12  years'  ex- 
perience in  designing  automobile,  stationary  and  marine  internal-combustion 
engines;  desires  position. 

417  Member,  graduate  mechanical  engineer,  with  extensive  experience  in 
manufacturing  interchangeable  machinery.  Specially  good  experience  in  the 
design  of  machinery,  jigs,  and  fixtures  for  the  production  of  duplicate  parts,  also 
in  testing,  handling  and  use  of  glues  and  adhesives.  Present  position  mechanical 
engineer  with  large  wood  and  iron  working  factory.  Wishes  position  as  super- 
intendent. 

418  Technical  graduate  with  18  years'  experience  in  shop,  drafting  room, 
office  and  teaching  in  mechanical  engineering,  the  last  including  executive  work, 
would  like  to  change.  Desires  to  become  connected  with  consulting  engineer  or 
with  engineering  department  in  college  or  university. 

419  Member,  technical  education  and  wide  experience  in  difTerent  kinds  of 
mills,  steam  engineering  and  modern  machine  shop  practice,  desires  position  as 
superintendent,  master  mechanic  or  chief  engineer  of  power  plant. 

420  Young  mechanical  engineer,  technical  gi'aduate,  experienced  along  hues 
of  building  steam  piping,  design  and  erection,  desires  position  offering  chance  of 
advancement,  with  engineering  firm  engaged  in  similar  work.    Good  references. 
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American  Telephone  and  Telegraph  Company.  Annual  Report  of  the 
Directors  to  the  Stockholders.     1911.     New  York,  1912.    Gift  of  company. 

Die  Autogene  Schweissung  der  Metalle,  S.  Ragno.    Halle  a.  S.,  1910. 

Die  Berechnung  der  Tragwerke  aus  Eisenbeton  oder  Stampfbeton  bei 
HocHBAUTEN  UND  Strassenbrucken,  Karl  Haberkalt  and  Fritz  Postuvan- 
schitz.    Ed.  2.    Wien,  1912. 

Beton  Kalender.    1912.    Pt.  1-2.    Berlin,  1911. 

Carnegie  Institution  of  Washington,  Department  of  Terrestrial  Mag- 
netism.   Annual  Report  of  the  Director.     1911. 

Cleveland,  Cincinnati,  Chicago  and  St.  Louis  Railway  Company.  Annual 
Report  of  the  Board  of  Directors,    23d,     1911.     Cincinnati. 

Economic  Administration  of  Industrial  Establishments,  John  Calder.  Gift 
of  the  author. 

Der  Eisenbetonbau  in  Berechnung  und  Ausfxjhrung,  Karl  AUitsch.  Leipzig, 
1911. 

Das  Eisenhuttenwesen,  H.  Juptner  v.  Jonstorff.    Leipzig,  1912. 

ESAME    SiNTETICO    DELLE    ElICHE    DEI  DiRIGIBILI  MiLITARI  Pi,   P2,   P3,   G.   CoS- 

tanzi.     Rima,  1912. 

ExPERiMENTELLE  Bestimmungen  DER  ScHNEiDEWARME,  N.  N.  Saw^win.  Wien, 
1911.    Gift  of  the  author. 

Factory  Mutual  Insurance.  The  Achievements  of  Seventy-Five  Years  com- 
piled to  observe  the  50th  Anniversary  of  the  ArkwTight  Mutual  Fire  In- 
surance Company.    Boston,  1912.     Gift  of  the  company. 

Forscherarbeiten  auf  DEM  Gebiete  des  Eisenbetons.    Pt.  16.    Berlin,  1911. 

Die  Gcsturbine,  Hans  Holzwarth.    Munchen,  1911. 

Gemisahbildungen  der  Gasmaschinen,  G.  Hellenschmidt.     Berlin,  1911. 

Geographical  Journal.    Vols.  1-32.    London,  1893-1908. 

Gleichgang  und  Massenkrafte  bei  Fahr  und  Flugzeugmaschinen,  Otto 
Kolsch.     Berlin,  1911. 

Die  Grundlagen  der  Zahnradbearbeitung  unter  Berxjcksichtigung  der 
modernen  Verfahren  und  Maschinen,  Curt  Barth.     Berlin,  1911. 

Handbook  of  Gasoline  Automobiles,  1912.  New  York,  1912.  Gift  of  the 
Automobile  Board  of  Trade. 

Handbuch  der  bautechnischen  Gesteinsprufung,  J.  Hirschwald.  Vol.  1. 
Berlin,  1911. 
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Handbuch  dek  Fraserei,  Emil  Jurthc  mid  Otto  Mietzschkc.     Ed.  3.     Berlin, 

1912. 
Harvard  University.    Reports  of  the  President  and  the  Treasurer,  1910-1911. 

Cambridge,  1912. 
Highway  Bridge  over  the  Miami  River  at  Elizabethtown,  Ohio,  H.  G. 

Tyrrell.     Gift  of  the  author. 
Hilfsbuch  FtJR  DEN  Maschinenbau,  Fr.  Freytag.    Ed.  4.    Berlin,  1912. 
KoLBEN.     I.     Dampfmaschinen-und  Geblasekolben,  C.  Volk.     Berlin,  1912. 
Die  KtJHLUNG  des  Werkzeuges.    Experiment elle  Frufung  des  Wirkungsgrades 

von  fliissigen  Schmier-und  Kiihlmitteln.     Gift  of  the  author. 
Lancashire  and  Yorkshire  Railway,  Brief  History  and  Development. 

Manchester.    Gift  of  C.  W.  Rice. 
Die    Leichexverbrennungsanstalten     (die    Krematorien),    W.    Heepke. 

Halle  a.  S.,  1905. 
Lehrbuch  der  Baumaterialienkunde,  Max  Foerster.    Vol.  4.    Leipzig,  1911. 
Locomotive  Proportions,  L.  H.  Fry.     Reprinted  from  The  Engineer,  October 

13,  1911.    Gift  of  the  author. 
Lowell  Textile  School.    Annual  Report  of  the  Trustees,  1911.    Boston,  1912. 

Gift  of  the  school. 
Massachusetts  State  Forester.     Annual  Report,  8th,  1911.     Boston,  1912. 

Gift  of  Massachusetts  State  Forester. 
Mechanics  of  Heating  and  Ventilating,  Konrad  Meier.    New  York,  McGraw 

Hill  Book  Co.,  1912. 
Milwaukee  Bureau  of  Economy  and  Efficiency.     Bull.  no.  14.     Milwaukee, 

1912.     Gift  of  the  bureau. 
Motorcycle  Manual,  1912.    New  York,  1912.    Gift  of  D.  R.  Hobart. 
National  Commercial  Gas  Association.     Proceedings  of  the   7th  Annual 

Meeting.    New  York,  1911.    Gift  of  the  association. 
New  York  (City)  Board  of  Water  Supply.     Contract  No.  61  for  the  Con- 
struction of  the  Wallkill  Blow-Off  in  the  Town  of  Gardiner,  Ulster  County, 
N.  Y.    1912. 
Paper  Pulps  from  Various  Forest  Woods.    U.  S.  Department  of  Agriculture. 

Compiled  by  H.  E.  Surface.     Washington,  1912. 
Permanent  International  Association  of  Navigation  Congresses.     12th 
Congress,  Philadelphia,  1912.    2d  Section:  Ocean  Navigation.    Communica- 
tions.    Brussels,  1912. 
Permanent  International  Association  of  Navigation  Congresses.     12th 
Congress,  Philadelphia  1912.     2d  Section:  Ocean  Navigation.     Questions. 
Brussels,  1912. 
Permanent  International  Association  of  Navigation  Congresses.    List  of 

Members,  1912.     Brussels,  1912. 
Praktische  Hydraulik,  J.  F.  Bubendey.    Leipzig,  1911. 

Royal  Geographical  Society  of  London.     Atlas,  maps  and  plates  to  first 
eleven  volumes  of  the  Journal.     1831-1841. 

Journal,  vols.  1-50,  1831-1880.    London,  1833-1881. 

Index,  vols.  1-30,  31-50.     London,  1884,  1881. 

Proceedings,  vols.  1-22,  new  series  vols.  1-14.     London,  1857-1892. 

Supplementary  Papers,  vols.  1-4.    London,  1886-1890. 
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Society  for  the  Promotion  of  Engineering  Education.    List  of  Members, 

1912.     Lancaster,  1912. 
Tabellen  zur  Berechnung  von  kontinuierlichen  Balken  in  Eisenbeton 

TJND  doppelt  armierter  Konstruktionen  nebst  mehreren  Hilfstabel- 

LEN  FUR  einfach  armierte  Konstruktionen,  L.  Laiidmann.    Wiesbaden, 

1911. 
Versuche  mit  Eisenbeton  Balken  zur  Bestimmung  des  Einflusses  der 

Hakenform  der  Eiseninlagen,  C.  Bach  and  O.  Graf.    Berlin,  1911. 
Virginia  Polytechnic  Institute.     Catalogue,  April  1912.    Blacksburg,  1912. 

Gift  of  the  institute. 
Water   Works   Efficiency.     Present   Capacity   and   Future   Requirements. 

Milwaukee  Bureau  of  Economy  and  Efficiency,  bull.  no.  14.     Milwaukee, 

1912.    Gift  of  the  bureau. 
WissENscHAFTLiCHE  AuTOMOBiL.  Wertung,  A.  Riedler.    Berlin,  1911. 
Zahnrader.    Stirn  und  Kegelrader  mit  geraden  Zanhen,  a.  Schiebel.    Pt.  1. 

Berlin,  1912. 
Der  Zweigelenkbogen  als  statisch  unbestimmtes  Hauptsystem,  R.  Kirch- 

hoff.     Berlin,  1911. 
Die  Zylinder  ortsfester  Dampfmaschinen,  F.  Frey.    Berlin,  1912. 

UNITED  ENGINEERING  SOCIETY 

Map  of  Central  Asia,  showing  Extensions  of  Transcaspian  Railway  East 
of  Tashkent.     (With  manuscript  notes.)    Gift  of  L.  Goldnierstein. 

GIFT   OF   ENGINEERING    NEWS 

American  Railway  Association.     Per  Diem.    New  York,  1910. 

American  Society  of  Municipal  Improvements.     Annual  Convention,  14th, 

1907. 
American  Water  Works  Association.    American  Standard  Specifications  for 

Cast  Iron  Water  Pipe  and  Special  Castings. 
Connecticut  Society  of  Civil  Engineers.    Proceedings,  1910.    New  Haven, 

1910. 
Federation  of  Trade  Press  Associations  in  the  United  States.     Annual 

Convention,  6th,  1911.    Boston,  1911. 
General  Railway  Signal  Company.     (Catalogue  :ind  Price-hst.     Section  1-2. 

Buffalo,  1905. 
Massachusetts  Highway  Commission.    Annual  Report,  17th.    Boston,  1910. 
New  England  Water  Works  Association.     Constitution  and  List  of  Mem- 
bers, 1909,  1910.    Boston,  1909-1910. 
New  York  Public  Service  Commission  for  the  First  District.    Report  on 

Grade  Crossings  in  New  York  City  and  the  Need  of  Change  in  the  Grade 

Crossing  Law.     Albany,  1910. 
Pennsylvania  Railroad  Company.    Annual  Report,  63d,  1910.    Philadelphia, 

1910. 
Rhode  Island.     Commissioner  of  Dams  and  Reservoirs.     Annual  Report, 

1910.     Providence,  1910. 
Supervision  of  Street  Railways  in  England  and  Prussia.    Reprinted  from 
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Annual  Report  of  the  Public  Service  Commission  for  the  First  District  of 
the  State  of  New  York,  1908.     Albany,  1909. 

EXCHANGES 

American  Society  of  Civil  Engineers.    Constitution  and  List  of  Members, 

1912.     New  York,  1912. 
EcoLE  d'Application  DtJ  GfiNiE  MARITIME.    Cours  de  Construction  du  Navire. 

Vol.  1,  1910-1912. 
SociETE  DES  Ingenieurs  Civils  DE  FRANCE,  1912.    Paris,  1912. 
U.  S.  Naval  Observatory.     Synopsis  of  the  Report  of  the  Superintendent, 

1911.     Washington,  1911. 

TRADE    CATALOGUES 

H.  Channon  Co.,  Chicago,  III.  Channon's  Review,  April,  1912,  Advertising 
news  of  interest  to  the  customers  on  machinery,  30  pp. 

Chicago  Pneumatic  Tool  Co.,  Chicago,  III.  Bull.  E19,  Universal  electric  drills 
operating  on  direct  current  or  alternating  current;  BuU.  E20,  A  new  Une  of 
electric  drills  for  heavy  duty,  8  pp.;  Bull.  E21,  Duntley  track  drills,  8  pp.; 
Bull.  E23,  Air-cooled  direct-current  drills,  8  pp. 

Compagnie  DES  Installations  Maritime,  Bruges,  Belgium.  Shipbuilding 
yards  and  supplies,  21  pp. 

Hess-Bright  Mfg.  Co.,  Philadelphia,  Pa.  Built-up  crankshaft  of  two-cyhnder 
V-type  motor,  1  p.;  Standard  mounting  for  two-beai'ing,  4-cylinder  crank- 
shaft, 1  p.;  DWF  adapter  bearings,  1  p.;  Centrifugal  basket  mountings,  1  p.; 
Application  of  floating  bushes  to  grinding  machine  spindle,  1  p. 

Homestead  Valve  Mfg.  Co.,  Homestead,  Pa.  Homestead  valves  and  other 
specialties,  40  pp. 

John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J.    Wire  rope  and  wire,  182  pp. 

Simples  Electric  Heating  Co.,  Cambridge,  Mass.    Electric  heating,  135  pp. 

T.  H.  Symington  Co.,  New  York.  A  few  facts  about  Farloco  draft  rigging,  a 
draft  gear  without  a  yoke,  24  pp. 
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CHARLES  KIRCHHOFF 


Library  Conference  Com- 
mittee 
LEONARD  WALDO 


Engineering  Education 
A.  C.  HUMPHREYS 
F.  W  TAYLOR 


Increase  of  Membership 
I.  E.  MOULTROP,  Chmn. 
C.  W.  AIKEN 
W,  T.  DONNELLY 
J.  P.  ILSLEY 
H.  S.  WYNKOOP 
ROBT.  M.  DIXON 
E.  B.  KATTE 

Sub-Committee  on  Steam, 

Research  Committee 
R.  H.  RICE.  Chmn. 
C.  J.  BACON 
E.  J.  BERG 
W.  D.  ENNIS 
L.  S.  MARKS 
J.  F.  M.  PATITZ 


SPECIAL  COMMITTEES 
Power  Tests 

D.  S.  JACOBUS,  Chmn. 

G.  H.  BARRUS,  Vice-Chmn. 

E.  T.  ADAMS 

L.  P.  BRECKENRIDGE 

W.  KENT 

E.  F   MILLER 

A.  WEST 

A.  C.  WOOD 

Conservation 
G.  F.  SWAIN.  Chmn. 
C.  W.  BAKER 
L.  D.  BURLINGAME 
M.  L   HOLMAN 
CALVIN  W.  RICE 


Student  Branches 

F.  R,  BUTTON.  Chmn. 

Refrigeration 

D.  S.  JACOBUS 

A.  P.  TRAUTWEIN 

G.  T  VOORHEES 

P.  db  c.  ball 

E.  F.  MILLER 

Sub-Committee  on  Safety 
Valves,  Research 
Committee 
P.  G.  DARLING 
H.  D.  GORDON 

E.  F.  MILLER 

F.  L.  PRYOR 
F.  M.  WHYTE 


Not-e — Numbers  in  parentheses  indicate  aumber  of  yosrs  the  member  has  yet  to  serve. 
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Involute  Gears 

W.  LEWIS,  Chmn. 
H.  BILGRAM 
E.  R.  FELLOWS 
C.  R.  GABRIEL 
G.  LANZA 

Engineering  Standards 

HENRY  HESS,  Chmn. 

J.  H.  BARR 

CHAS.  DAY 

H.  W.  SPANGLER 

Tellers  of  Election 
W.  T.  DONNELLY 
G.  L.  HOXIE 
T.  STEBBINS 

Flanges 
H.  G.  STOTT,  Chmn. 
A.  C.  ASHTON, 
W.  M.  MACFARLAND 
WM.  SCHWANHAUSSER 
J.  P.  SPARROW 


AMBROSE  SWASEY,  Chmn. 

Cleveland,  O. 
A.  E.  CLUETT,  Troy,  N.  Y. 


SPECIAL  COMMITTEES 

[Cunlinued) 

Standardization  of 
Catalogues 

WM.  KENT,  Chmn. 
J.  R.  BIBBINS 
M.  L.  COOKE 
W  B.  SNOW 

Pipe  Threads 

E.  M.  HERR,  Chmn. 
W.  J.  BALDWIN 
G   M   BOND 
S.  G.  FLAGG,  JR. 

Society  History 
J  E.  SWEET  Chmn. 
H.  H.  SUPLEE 

F.  R.  HUTTON,  Secy. 

Constitution  and  By-Laws 

JESSE  M.  SMITH,   Chmn. 
GEORGE  M.  BASFORD 
F.  R.  HUTTON 

D.  S.  JACOBUS 

E.  D.  MEIER 


Committee  to  Formulate 
Standard  Specifications 
for  the  Construction  of 
Steam  Boilers  and  other 
Pressure  Vessels  and  for 
Care  of  Same  in  Service 

J.  A.  STEVENS,  Chmn. 

W.  H  BOEHM 

R.  C.  CARPENTER 

R.  HAMMOND 

C.  L.  HUSTON 

C.  H.  MEINHOLTZ 
E.  F.  MILLER 

Administration 

J    M.  DODGE.  Chmn. 

D.  M.  BATES 
H  A.  EVANS 
W.  LEWIS 
W.  L.  LYALL 
W.  B.  TARDY 
H.  R.  TOWNE 
H.  H.  VAUGHAN 


Nominating  Committee 

W.  B.  GREGORY,  New  Orleans,  La. 

JOHN  HUNTER,  St.  Louis,  Mo. 

WM.  SCHWANHAUSSER,  New  York,  N.  Y. 


Reception  to  Delegates  of  International  Congress  of  Navigation 

CHARLES  WHITING  BAKER,  Chmn.    GEO.  B.  MASSEY  H   deB.  PARSONS 

W.  M.  McFARLAND  GEO   W.  MELVILLE  STEVENSON  TAYLOR 


E.  D    MEIER 


Committee  on  Cooperation  with  Engineering  Societies 


C.  W.  BAKER 


C  E.  LUCKE  (l),  Chmn. 
H   deB.  PARSONS    (2) 


E.  F   MILLER,  Chmn 
R.  E.  CUKTlS.  S,ry 


MEETINGS  OF  THE  SOCIETY 

The  Committee  on  Meetings 

H.  L.  GANTT  '6) 
Meetings  of  the  Society  in  Boston 

R.  H.  RICE 


W.  E.  HALL  (3) 
H.  E.  LONG  WELL  (4) 


HENRY  BARTLETT 
GEO.  F.  SWAIN 


Meetings  of  the  Society  in  New  York, 
F.  H.  COL VI N    Chmn. 
F   A.  WALDRON,  Secy-Treas. 

H.  R.  COBLEIGH 


E.  VAN  WINKLE 
R.  V.  WRIGHT 


Note — Numbers  in  parentheses  radicate  number  of  years  the   member  has  yet  co  serve 
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MEETINGS  OF  THE  SOCIETY 


E.  L.  OHLE   Chmn. 

F.  E.  BAUSCH,  Secy. 


A.  M.  HUNT.  Chmn. 
T.  W.  RANSOM.  Secy. 


A.  C.  JACKSON,  Chmn. 
D.  R.  YARNALL,  Secy. 


(Continued) 

Meetings  of  the  Society  in  St.  Louis 

J  HUNTER 
Meetings  of  the  Society  in  San  Francisco 

E  C.  JONES 
Meetings  of  the  Society  in  Philadelphia 

T.  C.  McBRIDE 
Meetings  of  the  Society  in  New  Haven 


E   S.  COOLEY   Chmn. 
E.  H.  LOCKWOOD,  Secy. 

Local  Committee- 


H.  B.  SARGENT 

-Semi-Annual  Meeting  in  Cleveland 
Executive  Coynmittee 


M.  L   HOLMAN 
R.  H.  TAIT 


T.  MORRIN 
W.  F.  DURAND 


J.  E.  GIBSON 
W.  C.  KERR 


P.  BRECKENRIDGE 
F.  L.  BIGELOW 


AMBROSE  SWASEY,  Chmn. 
R.  H.  FERNALD.  Vice-Chmn. 
F.  W.  BALLARD,  Secy. 


R.  B.  SHERIDAN,  Treas. 
W.  R.  WARNER 

S.  T.  WELLMAN 

Finance  Committee 
A.  B.  McNAIRY 
A.  WARD  FOOTE 

Entertainment  Committee 

C.  F.  BRUSH 
F.  A.  COLEMAN 
C.  E.  POPE 

Publicity  ( 'ommittee 

R.  I.  CLEGG 
DAVID  GAEHR 

Transportation  Committee 

G.  E.  MERRYWEATHER,  Chmn. 

S.  A.  HAND  G.  R.  WADSWORTH 

Committee  on  Accommodations 
A.  G.  McKEE,  Chmn. 
H.  M.  LUCAS  W.  J.  REILLY 

Sub-Committees  of  the  Committee   on  Meetings 

Textiles 
CHARLES  T.  PLUNKETT,  Chmn. 
DANIEL  M.  BATES 


E.  P.  ROBERTS 

G.  E.  MERRYWEATHER 

A.  G.  McKEE 


R.  B.  SHERIDAN,  Chmn. 
J.  D.  COX 


R.  H.  FERNALD,  Chmn. 
W.  R.  WARNER 
S.  T.  WELLMAN 


E.  P.  ROBERTS,  Chmn. 
H.  M.  LANE 


GEORGE  BARTOL 
E.  H.  WHITLOCK 


H.  H.  HILL 

S.  R.  SAGUE 

H.  F.  STRATTON 


G.  R.  MURRAY 
F.  H.  VOSE 


H.  B.  ANDERSON 
C.  C.  ROBBINS 


A.  H.  BATES 
E.  C.  PECK 


JOHN  ECCLES 
EDW.  W.  FRANCE 
EDWARD  F.  GREENE 

F.  W    KELLEY,  Chmn. 
J.  G.  BERGQUIST   V-Chmn. 
P.  H.  WILSON 
W.  R.  DUNN 


F.  E.  ROGERS,  Chmn. 
L.  D,  BURLINGAME 
W.  L,  CLARK 
W.  H.  DIEFENDORF 


Cement    Manufacture 
MORRIS  KIND 
F.  H.  LEWIS 
W.  H.  MASON 
R.  K   MEADE 

Machine  Shop  Practice 
A.  L.  DeLEEUW 
F.  L.  EBERHARDT 
F.  A.  ERRINGTON 
A.  A.  FULLER 


EDWARD  W    THOMAS,  Secy. 
FRANKLIN  W    HOBBS 
C.  R.  MAKEPEACE 
C.  H.  MANNING 
HENRY  F.  MANSFIELD 

EJNAR  POSSE LT 
H.  J.  SEAMAN 
H.  STRUCKMANN 
A.  C.  TAGOE 


H.  D.  GORDON 
H.  K.  HATHAWAY 
E.  J.  KEARNEY 
WM.  LODGE 
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OFFICERS 
Chairman 
H.  J.  K.  FREYN 

Gas  Power 
Executive  Committee 
F.  R.  BUTTON  (1),  Chmn. 
F.  R.  LOW  (3) 
I.  E.  MOULTROP  (5) 
MAX  ROTTER  (1) 
H.  F.  SMITH  (1) 
H.  H.  SUPLEE  (2) 
E.  D.  DREYFUS  (1) 


OF  THE  GAS  POWER 
Gas  Power 
Ldterature  Committee 
R.  B.  BLOEMEKE.  Chmn. 
A.  W.  H.  GRIEPE 
H.  S.  ISHAM 
J.  MAIBAUM 
W.  F.  MONAGHAN 
W.  S.  MORRISON 
S.  I.  OESTERREICHER 
S.  O.  SANDELL 
H.  G.  WOLFE 
N.  J.  YOUNG 


SECTION 

Secretary 
GEO.  A.  ORROK 

Gas  Power 
Membership  Committee 

A.  F.  STILLMAN  .  Chmn. 

H.  V.  O.  GOES 

J.  H.  LAWRENCE 

F.  S.  KING 

J.  H.  NORRIS 

G    M.  S.  TAIT 

J.  D.  SHAW 

H.  W.  ANDERSON 

C.  D.  SMITH 


Gas  Power  Committee  on  Meetings 

WM.  T  MAGRUDER,  Chmn     E.  D.  DREYFUS  NISBET  LATTA 

W.  H.  BLAUVELT  A.  H   GOLDINGHAM  H.  B   MACFARLAND 

OFFICERS  OF  AFFILIATED  SOCIETY 

Providence  Association  of  Mechanical  Engineers 

T.  M.  PHETTEPLAGE,  Pres.  W.  H.  PAINE,  Vice-Fres. 


J.  A.  BROOKS,  iiecy. 


A.  H    WHATLEY.  Treaa. 


OFFICERS  OF  STUDENT  BRANCHES 


INSTITUTION 

DATE 
AUTHORIZED 
BT  COUNCIL 

HONORARY 
CHAIRMAN 

CHAIRMAN 

CORRE8POND1N0. 
SECRETARY 

Stevens  Inst,  of  Tech. 

Dec.  4,  1908 

Alex.C.  Humphreys 

A.  E.  Bauhan 

A.  D.  Karr 

Cornell  University 

Dec.  4.  1908 

R  C.  Carpenter 

F.  E.  Yoakum 

D.  S.  Wegg.  Jr. 

Armour  Inst,  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

E.  R.  Burley 

H.  R,  Kuehn 

LelandStanfordJr.Univ. 

Mar.  9, 1909 

W.  F.  Durand 

C.  W.  Scholefield 

V   W.  Winter 

Brooklyn  Poly.  Inst. 

Mar.  9, 1909 

W.  D.  Ennis 

A.  Seubert 

G.  W.  Weitlauf 

Purdue  University 

Mar.  9, 1909 

L.  V.  Ludy 

L.  Jones 

H.  E.  Sproull 

University  of  Kansas 

Mar.  9, 1909 

P.  F.  Walker 

V.  H.  Hillord 

L.  L.  Browne 

New  York  University 

Nov.  9, 1909 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

Univ.  of  Illinois 

Nov.  9,  1909 

W.  F.  M.  Goss 

L.  G.  Smith 

C.  A.  Schoessel 

Penna.  State  College 

Nov.  9, 1909 

J.  P.  Jackson 

J.  A.  Kinney 

H.  S.  Rogers 

Columbia  University 

Nov.  9, 1909 

Chas.  E.  Lucke 

N.  E.  Hendrickson 

W.  E.  Ruprecht 

Mass.  Inst,  of  Tech. 

Nov.  9,  1909 

E.  F.  Miller 

J.  G.  Russell 

J.  B.  Farwell 

Univ.  of  Cinciimati 

Nov.  9,  1909 

J.  T.  Faig 

C.  J.  Malone 

J.  H.  Schneider 

Univ.  of  Wisconsin 

Nov.  9,  1909 

A.  G.  Christie 

W.  D.  Moyer 

H.  C.  Prochazka 

Univ.  of  Missouri 

Dpc.  7,  1909 

H.  Wade  Hibbard 

A.  C.  Edwards 

F.  I.  Kemp 

Univ.  of  Nebraska 

Dec.  7,  1909 

J.  D.  Hoffman 

B.  R.  Beckwith 

W.  H.  Noeltiug 

Univ.  ot  Maine 

Feb.  8,  1910 

Arthur  C.  Jewett 

A.  H.  Blaisdell 

W.  B.  Emerson 

Univ.  of  Arkansas 

Apr.l2,  1910 

B.  N.  Wilson 

J.  A.  Dickinson 

W.  B.  Gardner 

Yale  University 

O-t.ll.  1910 

L.  P.  Breekenridge 

F.  M    Jones 

W.  St.  C.  Childs 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Jr. 

W.  D.  Small 

O     A.   Van  Den- 
burgh,  Jr. 

State  Univ.  of  Ky. 

Jan.  10.  1911 

F.  P.  Anderson 

J.  W.  Gary 

J.  T.  Lowe 

Ohio  State  University 

.lan.lO,  1911 

E.  A.  Hitchcock 

J.  P.  Stewart 

H.  F.  Belt 

Washington  University 

Mar.lfl.1911 

E.  L.  Ohle 

E.  Dougherty 

E.  L.  Lacey 

Lehigh  Univer.-sity 

.lune  2.  1911  i  H.  A.  S.  Howarth 

Nevin  H.  Guth 

Univ.  of  California 

Feb.13.  1912 

Joseph  N.  LeConte 

O.  E.  Sandman 

E  W.  Taylor 

834 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND.  OHIO 
Branch  Offices  :  NEW  YORK,  CHICAGO.  DETROIT 

TURRET  LATHES        TIRRET  SCREW  MACHINES        BRASS-WORKING  MACHINE  TOOLS 

UNIVERSAL  HOLLOW-HEXAGON 

TURRET    LATHES -Now  Made  in  Two  Sizes 


Entirely  new  in  design  these 
machines  embody  all  of  the 
desirable  featm-es  of  a  highly 
developed  Turret  Lathe  with 
those  of  the  most  advanced 
engine  lathe — every  modern 
facility  provided  for  the  most 
rapid,  accurate  and  econom- 
ical production  of  both  bar 
and  chucking  work. 
No. 2 A — Bar  work  2^  x  26";  castings 

and  forgings  12° 
No.3A — Bar  workSJ  x  36";  castings 

and  forgings  15" 


No.  2A — With  Chucking  Equipment 


A  Photographic  Diary 

of  the  operations  of  any  machine  can  be 
made  without  delaying  the  Avork  a 
moment,  by  using 

The  Graflex-Steinheil  Combination 

with  which  perfectly  sharp  pictures  of  moving  machinery  may  be  secured  indoors. 

SPECIAL  ADVANTAGES 
Focal  Plane  Shutter:   having  .50%   higher  speed  than  other  types,  and  giving 
superior  light  distribution. 

Steinheil  Lens:  which  creates  a  brilliantly  sharp,  clear,  and  distinct  image  at 
highest  speeds. 

No  Focusing  Cloth,  No  Tripod,  No  Range  Finder.     Subject  may  be  seen  up  to 
instant  of  exposure. 
Unusually  Large  Film  Holding  Capacity. 

Write  for   Catalog. 

Herbert  &  Hues  gen  Co.,    311  Madison  Ave.,  New  York 


2  doors  below  42nd  St. 


EXTRACTS  FROM  THE  BOOK  OF  THE 

COPIES  OF  THE  BOOK 
Multi-Stop  and  Double  Turners 

FIG.  1  illustrates  the  advantage  of  the  double  stop  for  each  position 
of  the  turret,  and  the  double  adjustment  of  each  turner.  This 
piece  has  six  finished  diameters  and  six  shoulders,  and  is  turned 
by  only  three  turners,  which  occupy  only  three  positions  on  the 
turret.  This  not  only  leaves  the  remaining  positions  free  for  other 
tools,  but  it  saves  the  operator  the  time  and  energy  required  to  run 
the  turret  slide  back  each  time. 

All  this  is  obtained  without  complication,  and  without  introduc- 
ing any  features  that  are  annoying  when  not  in  use. 

In  addition  to  the  double  stop  for  each  of  the  six  positions  of  the 
turret,  we  have  an  extra  stop,  consisting  of  a  pin  which  may  be 
dropped  into  any  one  of  the  six  holes  at  the  rear  of  the  turret  slide. 
This  makes  it  possible  to  borrow  five  extra  stops  for  any  one  of  the 
tools,  and  gives  to  this  tool  seven  length  or  shoulder  stops,  and  leaves 
one  stop  for  each  of  the  remaining  tools. 


Fig.  I 

The  illustrations,  Figs.  2  and  3,  give  examples  of  what  one  tool 
can  do  in  this  machine  on  chuck  work,  when  we  take  advantage  of 
the  seven  length  stops  and  the  seven  shoulder  stops  of  the  cross-feed 
head. 

Of  course,  in  general  practice  three  or  four  stops  for  one  tool  are 
all  that  will  be  needed,  but  since  the  modern  cutting  steels  have 
greater  durability,  there  is  nothing  lost  by  giving  each  tool  all  the 
work  it  can  do. 

Outer  face  and  all  shoulders  and  diameters  accurately  finished  to 
independent  stops  by  one  tool.  When  roughing  and  finishing  cuts 
are  required,  the  roughing  tool  can  be  set  near  enough  to  use  the 
same  stops  that  are  accurately  set  for  the  finishing  tool.  When  an 
extra  tool  is  used  to  give  a  roughing  cut  it  is  set  as  indicated  by 
dotted  lines  in  Figs.  2  and  3. 

We  find  it  difficult  to  illustrate  all  of  the  classes  of  work  that  can 
be  turned  out  by  this  machine,  but  a  little  thought  will  suggest 

sprrngfieid  vt  Jones  &  Lamson 

Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyemann,  Charlottenstrasse  112,  Diisseldorf,  Germany. 


HARTNESS  FLAT  TURRET  LATHE 

MAILED  ON  REQUEST 


Fig.  2 


many]^forms  that  may  be  readily  handled  in'bar  and  chucking' work, 
both  steel  and  iron,  on  account  of  the  many  provisions  for  bringing 
both  turret  and  cross  slide  up  to  fixed  stops;  either  by  power  feed 
or  by  hand. 


<' 


Fig.  3 


Machine  Company 

France  and  Spain,  Ph.  Bon  villain  and  E.  Ronceray,  9  and  11 
Rue  des  Enviergea,  Paris.    Italy,  Adier  &  Eisenschitz,  Milan. 


Queen  Victoria  St 
London,  England. 


Force  Feed 
Lubrication  Pumps 

are  made  in  any  number  of  Feeds 
or  compartments  as  they  may  be 
ordered. 


Glass  33    34 

4  ^ 


' '  "-36 


a2"^«^ 


^  The  most 
substantial, 
simplest 
in  construction 
and  reasonable 
in  price  of  any  pump  that  is  made. 


SECTIONAL      VIEW 

OF  PUMP  USED  ON 

OUR    FORCE    FEED 

LUBRICATING 

PUMPS 


WRITE  FOR 
CATALOGUE 


TRIPLE  PUMP  WITH  SIGHT  FEEDS 


HILLS  -  McCANNA  Company 


153  WEST  KINZIE  STREET 


CHICAGO,  ILL. 


NELSON 

TRADE       MARK        REGISTERED 

Bronze  Gate  Valves 


Xut  screwed  on,  nol  tiieted,  can  easily 
remove  wheel  to  renew  packing. 

Oland  on  Medium  and  Extra  Heavy 
valves. 


Stem  collar  cast  solidly  on  the  stem. 
Collar  is  aluai/s  tliere. 

Threads.  Scientifically  and  mechan- 
ically correct,  strong,  wear  well,  easy 
to  operate. 

Wedge.  The  only  spreading  device 
in  the  valve.    One  piece.    Simple. 

Discs.  Two.  Simple.  Compact. 
Can't  get  out  of  order.  Automati- 
cally rock  into  perfect  alignment 
with  the  seats,  not  only  when  the 
seats  are  new,  but  should  the  seats 
become  distorted  from  their  ori- 
ginal angle,  through  sagging  of 
the  pipe  or  otherwise,  the  discs 
will  still  niake  vp  lii/hl  with  the 
seats. 


Stem  has  bearing  at  lluee  points, 
keeping  the  stem  central  and  steady. 

Bonnet.  Screwed  on  outside  of 
body  on  Medium  and  Extra  Heavy 
valves,  strengthening  it  for  severe 
service.  The  outside  bonnet  is  not 
used  on  Standard  valves,  as  the  body 
is  made  so  strongly  that  it  is  not  re- 
quired for  125  pounds  working  pres- 
sure. 

Disc  Guides.  These  guide  the  discs 
freely,  making  operation  easy,  no 
hiiiiluii/  ul  any  yioint,  prevent  discs 
from  scraping  on  the  seats. 

Body.  Strong,  because  well  propor- 
tioned, well  balanced,  curved  shape. 

Threads.  Cut  taper,  to  standard 
gauges,  for  good,  tight,  pipe  con- 
nection. 


100^^  opening,  no  ohstmrlinns. 

.^Hexagons  unusually  long  and  very 
heavy. 


Extra  Heavy,  for  300  pounds  working  pressure. 
Medium,  for  175  pounds  working  pressure. 
Standard,  for   125  pounds  working    pressure. 

We  make  nothing  but  valves,  but  we 
make  all  sizes,  for  any  pressure,  for 
every  purpose.  Gates,  Globes,  Angles, 
Checks  and  Blow-offs.  High-grade 
valves  exclusively.  No  competition 
stuff  whatever. 

Send  your  order  direct  to  us  if 
your  jobber  ha.sn't  complete  stock 
— we  will  take  care  of  you. 

Nelson  Valve 
Company 

Philadelphia 

NEW  YORK  CHICAGO  SAN  FRANCISCO  PITTSBURGH 

30  Church  St.  17  West  Kinzie  St.  22  Battery  St.  517  Liberty  Ave. 

MINNEAPOLIS  BUTTE,  MONTANA  MONTREAL 

622  Andrus  Bldg.  56  E.  Broadway  12-14  University  St. 


Outside  view  of 
Standard  Valve 


Inside   view   of 
Standard  Valve 


Flow  Meter   Facts 

How  G-E  Boiler  Flow  Meters 
Detect    Dead    Spots   in   Fires 


CASE  1 


CASE  2 


At  2:27  P.M.  the  G-E  Indicating 
Steam  Flow  Meter  showed  that  the 
boiler  was  developing  500  Boiler 
Horsepower. 


At  2:29  P.M.,  only  two  minutes 
later,  the  output  had  fallen  to  375 
Boiler  Horsepower,  a  reduction  of  25 
per  cent. 


The  trouble  was  discovered  to  be  a  dead  spot  in  the  fire  of  about 
two  square  feet  in  area.  Within  one  minute  after  the  dead  spot 
was  covered,  the  flow  meter  showed  that  the  boiler  was  steaming 
at  500  horsepower,  its  rated  output. 

Without  the  flow  meter  the  bad  condition  of  the  fire  and  con- 
sequent poor  economy  would  not  have  been  discovered. 

This  actual  case  shows  how  promptly  any  trouble  in  the  furnace 
or  boiler  which  reduces  the  steam  output  is  detected  by  the  G-E 
Indicating  Steam  Flow  Meter. 

Our  new  booklet  on  Steam  Boiler  Economy  will  be  sent  on  request. 

General  Electric  Company 

I^argest  Electrical  Manufacturer  in  the  World 
Principal  Office:  Schenectady,  N.  Y.    Sales  Offices  in  the  following  Cities: 


Atlanta.  (Ja. 
Baltimore,  Md. 
Hirniinghain,  Ala. 
Hoist,   Idaho. 
Boston,  Mass. 
Buffalo.  N.  Y. 
Butte,  Mont. 
Charleston,  W.  V'a. 
Charlotte,  N.  C. 


Chattanooga,  Tenn. 
cniicago.  111. 
Cincinnati.  Ohio. 
Cleveland,  Ohio. 
Columbus,  Ohio. 
Dayton,  Ohio. 
Denver,  Colo. 
Detroit,    Mich.      (Off. 
of  Sol'g  Agt.) 


Pa. 


Indianapolis.  Ind. 
Kansas  City,  Mo. 
I-os  Angeles,  Cal. 
I-ouisville,  Ky. 
Macon.  Ga. 
Memphis,  Tenn. 
Milwaukee,  Wis. 
Minneapolis,  Minn. 


Nashville,    Tenn. 
New  Haven,  Conn 
New  Orleans,  La. 
New  York,  N.  Y. 
Philadelphia.  Pa. 
Pittsburg,  Pa. 
Portland,  Ore. 
Providence.  R.I. 
Richmond.  \'a. 


Rochester.  N.  Y. 
Salt  Lake  City,  Utah. 
San  Francisco,  Cal. 
St.  Louis,  Mo. 
Seattle,  Wash. 
Spokane,  Wash. 
Springfield,  Mass. 
Syracuse,  N.  Y. 
^'oungstown,  Ohio. 
3455 


50  II.  P.  Turbine 

Direct-Connected  to 

Centrifugal  Pump  f  J^^ 

Westinghouse  Small  Capacity 
Steam   Turbines 

for  driving  Direct-Current  Generators  for  Excitation 
Service.  Use  them  also  for  driving  A.  C.  Genera- 
tors for  Lighting  and  Power;  Centrifugal  Pumps  for 
various  purposes;  Centrifugal  Blowers  or  Exhausters 
for  Ventilation,  etc.,  D.  C.  Generators  for  small 
industrial  plants. 

Westinghouse  small  Steam  Turbines  are  now  being  used 
all  over  the  country  for  just  such,  and  many  other  purposes, 
with  increasing  satisfaction  to  the  operators. 

These  turbines   offer   you   the   same   advantages  as  the 
larger  sizes, — simplicity,  reliability,  flexibility  and  economy. 
You  also  get  the  same  excellence  of  design  and  ruggedness 
of  construction  which  have  always  characterized  Westinghouse 
large  turbines  and  made  them  so  successful  all  over  the  World- 
Write  to  our  nearest  oftice  for  full  particulars  and  prices. 

The  Westinghouse  Machine  Co. 

Steam  Turbines,  Steam  Engines,  Gas  Engines,  Gas  Producers 

Mechanical  Stokers  and  Condensers 

New  York,  185  Broadway  Pittsburgh,  Westinghouse  Building        Boston,  131  State  Street 

I  'hicago,  39  So.  La  Salle  St.  PhUadelphia,  North  American  Bldg.      St.  Loulfl,ChemlcalBIdg. 

Cincinnati.  1 103  Traction  Bldg.       Cleveland,  New  England  Building        Atlanta,  Candler  Bid?. 
Denver,  Gas  and  Electric  Bldg.       San  Francisco,  Hunt,  Mirlt  &  Co. 

Mexico  Compania  Ingeniera,  Importadora  y  Contratista,  S.  A. 
(Successors  to  G.  &  O.  Braniff  &  Company),  Oity  of  Mexico. 
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MEAD -MORRISON 

MANUFACTURING  COMPANY 

THE   McCASLIN  CONVEYOR 

npHE  McCASLIN  NOISELESS  OVERLAPPING  GRAVITY 
^    BUCKET  CONVEYOR  is   the  superior  of  any  similar 
device  offered  to-day  for  the  conveying  of  Coal,  Ashes,  Hot 
Clinkers,  etc.,  in  Power  Station  or  Cement  Mill  Service. 

A  list  of  Power  Stations  and  Cement  Mills  using  the 
McCaslin  Conveyor  includes  many  of  the  largest  and  most 
modern  in  the  world. 

Works  and  General  Offices : 
CAMBRIDGE,  MASS. 


New  York  -  149  Broadway  New  Orleans 

Chicago  -  Monadnock  Block  Montreal 

Baltimore      -     821  Equitable  Building  Seattle 

Pittsburg    -      108  W.  Park  Way,  N.  S.  Portland 

San  Francisco      Metropolis  Bank  Bldg.  Los  Angeles 


110  North  Peters  St. 

286  St.  James  St. 

Bailey  Building 

Lumbermen's  Building 

1202  Union  Trust  Bldg. 


"Imperial  X"  Duplex  Meyer  Steam  Driven  Compressor 

Don't  Buy  an  Air  Compressor 
That  Will  "Short  Change"  You 

When  you  supply  power  to  an  air  compressor,  it  uses  up  a  part 
of  that  power  in  itself — in  friction  and  compression  losses — 
and  "gives  you  back  the  change"  in  compressed  air. 

An  honest  compressor,  properly  designed,  well  built  and  thor- 
oughly high  class — will  return  all  the  change  you  are  entitled 
to. 

A  poor,  cheap  compressor  will  "short  change"  you — will  waste 
more  power  than  it  should  and  give  you  less  compressed  air 
than  you  are  entitled  to. 

Be  sure  that  you  buy  an  honest  air  compressor,  in  which  the  pos- 
sibilities of  loss — wasted  power^ — are  minimized  by  a  splendid 
construction. 

We  have  devoted  forty-one  years  to  the  production  of  honest 
compressors,  and  the  number  of  Ingersoll-Rand  Compressors 
in  use  indicates  that  the  vast  majority  of  buyers  have  con- 
fidence in  the  integrity  of  our  machines. 


NEW 


voRK  INGERSOLL-RAND  CO.  ^'^^^ 


Offices  in  All  Principal  Cities  of  the  World 
Compressors  Air  Hoists  Sand  Rammers  Air  Tools 


4-C 


ANOTHER  ACHIEVEMENT 


WOODS  AUTOMATIC  FEEDING  TABLE 

Heretofore  no  feeder  could  feed  lumber  into  a 
planer  at  200  lineal  feet  per  minute  and  keep 
the  boards  butting,  but  with  this  table  any 
feeder  can  maintain  a  continuous  feed  varying 
from  200  to  300  feet. 
This  is  an  accessory  of 
..  ''THE  PLANERS  OF  WOODS'' 

S  A  WOODS  MACHINE  CO  Boston  USA 


^#w«>'*^- 


CHICAGO 
NORFOLK 


SEATTLE 
NEW  ORLEANS 


SAN  FRANCISCO 
(Eby  Mchy.  Co.) 


GARVIN     MACHINE     COMPANY 


No.  1H  Universal^Milling  Machine 
Adjustments  :  20x7x18.  in.     Use  Code — ^Aneroid 


Manufacturers  of 
MILLING    MACHINES 

all  Styles  and 
Sizes 

SCREW  MACHINES 

MONITOR  LATHES 

FORMING    MACHINES 

CAM    CUTTING  MACHINES 

TAPPING  MACHINES 

DRILL  PRESSES 

CUTTER  GRINDERS 

HAND  LATHES 

SPRING   COILERS 

and 

SPECIAL  MACHINERY 

OFFICE  AND  WORKS 

137  Varick  Street 

NEW   YORK  CITY 

Visitors  Welcome 
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COMPLETE  POWER  PLANT  EQUIPMENT 


Forging  a  Shaft  on 
800  ton  Steam  Hy- 
draulic Forging 
P  r  ess  built  bij 
Mesta  Machine 
Company.  Note 
simplicity  of 
equipment  and 
small  floor  space 
required. 


Gas  and  Steam  Engines 

CONDENSERS         AIR  COMPRESSORS 
POWER  TRANSMISSION  MACHINERY 

Mesta   Machine    Company 

PITTSBURGH,    PA. 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   >vith    one-half 
your  labor  cost  and  steam  consumption 


1CANU7ACTU&ED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Typj 
LARGE   SIZES— Four   Column   Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  FARMERS'   BAN K_BU I LDIJMG PITTSBURG.  PA. 

11 


We  have  found  that  rigid  inspection  pays 

both  the  manufacturer  and  user  of  Generating  Units.  The  RIUG- 
WAY  FOUR  VALVE  GENERATING  UNIT  is  the  result  of  that 
policy.  The  greatest  care  is  taken  in  the  selection  of  materials  for 
the  reciprocating  parts  of  the  engine  and  all  parts  subject  to  severe 
and  intermittent  strains,  as  well  as  in  cylinder  and  valve  castings. 
The  same  care  is  followed  in  the  construction  of  the  electrical  appa- 
ratus. The  highest  grade  of  insulating  material  is  used.  A  case  in 
point  is  the  fact  that  a  burned-out  armature  in  a  Ridgway  Unit  is 
unknown.  Your  rigid  inspection  is  welcomed — both  as  to  workman- 
ship and  results  of  actual  use.     Send  for  Bulletins  and  investigate. 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PENNA. 


Nash  Gas  Engines 

Operating  on  Producer 
Gas  furnish  the  most  Eco- 
nomical power  obtainable. 

Preferred  for  all  reli- 
able power  requirements. 
Exceedingly  close  regula- 
tion combined  with  great 
economy. 

Operate  on  Gas,  Gaso- 
line, Producer  Gas,  etc. 

Sizes:  6  to  425  H.  P. 

Send  for  Catalogue 
Makers  of  the  world  famous  Water  Meters :  Crown,  Empire,  Nash,  Gem,  Premier 

NATIONAL  METER  COMPANY 

Established      g4    CHAMBERS   STREET,   NEW  YORK    J°h«-C  Kelley 


1870 
Chicago 


Boston       Pittsburg         San  Francisco       Cincinnati 


Pres. 

Los  Angeles 
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Hamilton  Corliss   Gravity  Valve   Gear 


is  the  best  on  the  market  because:  it  is  compact  and  simple  and  has  few  working  parts — will  operate 
noiselessly  and  positively  at  speeds  up  to  175  R.P.M. — is  actually  a  gravity  gear,  the  latch  drop- 
ping into  contact  without  the  necessity  of  springs — the  latch  and  cam  levers  are  steel  forgings, 
absolutely  safe  against  breakage. 

SEND  FOR  BULLETIN  "F" 

The  Hooven,  Owens,  Rentschler  Co.,  Hamilton,  Ohio 


STEAM  I 


GAS 


BUCKEYE  GAS  ENGINES 

Owing  to  the  governing  system  the  regulation  equals  that  of  any 
modern  steam  engine,  insuring  successful  parallel  operation. 
The  mixing  apparatus  is  a  combination  of  quantity  and  quality 
control,  the  double  ignition  system  is  simple  and  easily  adjusted, 
the  water  cooling  system  is  the  most  efficient  devised.  Built  in 
horse  powers  from  50  up,  for  Natural,  illuminating  or  producer  gas. 
Send  for  catalog. 

BUCKEYE  ENGINE  COMPANY 

SALEM,   OHIO 


GAS 


JsTEAM 
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BALANCED  DRAFT  SYSTEM 

OF 

FURNACE  REGULATION 

A   Scientific   System  for  Ensuring  the  Greatest  Economy  in  the 

Combustion  of  Fuel  in  Boilers — 
Balances  your  Draft,  Automati- 
cally Regulates  your  Air  Supply, 
for  All  Rates  of  Combustion.  It 
individualizes  your  boiler  units, 
making  each  unit  work  up  to  its  pro 
rata  share  of  the  total  output  of  the 
plant — gives  a  regulation  of  the  air 
supply  with  respect  to  the  thick- 
ness of  fuel  bed  in  each  boiler. 

"It  Makes  Firing  Easy." 

FOREIGN  LICENSEES: 

Hotchkiss  &  Cie,  Paris,  France. . 

Thwaites  Bros.,  Ltd.,  Bradford,  England. 

The  Westlnghouse  Company,  Ltd.,  St.  Petersburg, 

Russia. 
Soclete  A.  Heintz  &  Company,  Herstal-leg-Llege, 

Belgium. 

THE  ENGINEER  COMPANY 

Hudson  Terminal  Bldg. 
New  York,  N.  Y. 


«^  ^-N 


A  practical  demonstration  of  a  "Balanced"  Furnace 


U.S. 

Automatic 

Injectors 

'  I  ^HE  steam  boiler  whose  feed  water  is 
-■-  supplied  through  the  U.  S.  Auto- 
matic Injector  is  sure  of  regular,  unbroken 
service  as  long  as  the  steam  and  water 
supply  continue — and  it  means  economy 
of  power  and  the  elimination  of  trouble; 
and  work  in  the  operation  of  your  plant. 
The  "Engineer's  Red  Book"  and 
Catalog  "L"  give  you  the  reasons  in 
detail  —  reasons  that  are  sound  and 
logical — besides  a  lot  of  other  valuable 
information  for  the  Engineer.  Send  your 
name  for  them. 

American  Injector 
Company 

184  Fourteenth  Avenue 
DETROIT,  MICH. 
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LUNKENHEIMER  CAST  STEEL  VALVES 

Tliese  valves  an;  particularly  adapted  for  extreme 
conditions  of  superheat  and  strain. 

They  are  the  only  Cast  Steel  Valves  made  that  meet  the 
.specificatioNs  of  the  American  Society  for  Testing  Ma- 
terials. 

The  tensile  strength  of  l/unkenheimcr  (Uisl  Steel  is 
about  80,000  pounds  per  square  inch. 

iVU  parts  subjected  to  wear  are  renewable. 

Made  in  two  combinations  as  regards  material  used 
for  the  trimmings,  to  meet  various  conditions  of  pres- 
sure and  superheat. 

Lunkenheimer  Cast  Steel  Valves  include  Globe,  Angle, 
Gate,  Non-return  Boiler  Stop,  etc. 

This  line  of  valves  is  also  made  in  "Puddled'^  Semi- 
steel  and  Cast  Iron. 

Your  local  dealer  can  furnish  them;  if  not,  write  us. 

Write  for  1912  catalogue. 

THE  LUNKENHEIMER  COMPANY 

Largest  Manufacturers  of  High  Grade  Engineering  Specialties  in  the  World 

General  Offices  and  Works:  CINCINNATI,  OHIO,  U.  S.  A. 
NEW  YORK:  64-68  Fulton  Street  CHICAGO:  186  N.  Dearborn  Street 


BOSTON:  138  High  Street 


LONDON,  S.  E. :  35  Great  Dover  Street 


Cutting'  Out  the  Coal  Pile 

WitK  a  Low  Pressure  Steam  Turbine 

The  Diamond  Rubber  Company  of  Akron,  Ohio,  installed 
one  of  our  1000  kw.  low  pressure  steam  turbines  which 
operates  on  steam  from  their  manufacturing  processes  that 
was  formerly  wasted  to  the  atmosphere.  This  turbine 
furnishes  the  power  that  was  formerly  supplied  by  two 
steam  engine  units.  Its  use  saves  practically  all  direct 
expense  for  power. 

We  have  installed  Low  Pressure  Steam  Turbines  in  Central 
Stations,  Rubber  Plants,  Lumber  Mills,  Cement  Plants, 
Wood  Working  Esta})lishments,  Chemical  Plants;  in  fact 
imder  nearly  every  condition  you  can  think  of.  It  will  be  a 
dollars  and  cents  interest  to  you  to  find  out  if  a  Low 
Pressure  Turbine  is  suited  to  your  requirements. 

Allis  -  CKalttiers    Concipatvy 


Mil'wauKee 


'Wisconsin 


CTHE  TRIPLEX  BLOCK") 


Triplex  Block  hung  on  an  overhead 

trolley  and  serving  a  machine 

tool 


Once  again  we 
tell  you  the  truth 
about  Chain  Blocks 

gAFETY^cannot  be  put  into  the 
Triplex  Block  at  a  low  price. 
And  safety  is  vital  in  a  chain  block 
— which  should  be  as  safe  as  the 
elevator  you  ride  in  every  day — 
and  for  the  same  reason. 

Triplex  j  16  Sizes:  One  quarter  of  a  ton  to  forty  tons. 
Blocks    I  300  Active  Stocks  ready  all  over  the  U.  S. 

The  Book  of  Hoists  is  irell  worth  a  postcard 

The    Yale    &   Towne  Mfg.  Co. 

Also  Duplex  Blocks,  Differential  Blocks  and  Electric  Hoists 

, .   9  Murray  St. 

(YALE)    New  York 


Makers  of 
Yale  Products 

Locks,  Padlocks,  Builder 
Mardwarc,  Door  Checks, 
and  Chain  Hoists. 


U.S.A. 


Local  Offices:  Chicago,  74  E.  Randolph  St. 

San  Francisco,  706  Phelan  Bldg. 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 


JOHN    A. 


ROEBLING'S 

TRENTON, 


SONS 

N.  J. 


COMPANY 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


Cleveland 
Seattle 
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Reduces  Run  of  Mine  Coal  to 
Stoker  Size  in  a  Single  Operation 

Jeffrey  Single 
Roll    Crusher 

Has  large  capacity, 
low  111  a  i  n  t  e  n  a  n  c  e 
cost,  small  power 
consumption,  uni- 
form product. 

Will  receive  coal  in  any  volume  direct  from  a  track  hopper,  grab 
bucket  or  mine  car  without  the  use  of  any  mechanical  device  for 
regulating  the  feed. 

Write  for  Bulletin  No.  41 


Jeffrey  Mfg.  Co.,  Columbus,  O. 


New  York 
Boston 


Montreal 
Pittsburg 


Charleston,  W.  Va. 
Atlanta,  Ga. 


Birmingham 
Chicago 


St.  Lxjuis 
Denver 


Seattle 


GOODRICH  QUALITY 

Means  Conveyor  Belt  Efficiency 

Your  chief  consideration  in  a  bait  must  be  the  quality. 

Test  the  Goodnch  Belts  for  the  following  essentials: 

Tensile  strength  and  quality  of  duck. 

Strength,  binding  power  and  cling  of  friction  between  the  plies. 

Quality  of  cover.     Test  this  by  hammering  and  scraping  with  sharp  material 

as  well  as  by  tensile  strength  and  elasticity.     Examine  a 

GOODRICH  CONVEYOR  BELT 

Notice  the  improved  edge  construction  which  is  the  outcome  of  years  of  effort 
to  overcome  edge  troubles. 

Finally  figure  for  yourself  the  importance  of  the  selection  of  the  proper  duck 
to  resist  the  strains  and  the  deteriorating  action  of  moisture;  proper  friction, 
to  resist  breaking  down  through  years  of  life;  the  proper  cover,  to  have  the 
requ'red  adhesion,  as  well  as  life,  and,  above  all,  the  proper 
combination  of  the  belt. 

Send  for  a  sample. 

The  B.  F.  Goodrich  Company 

Akron,  Ohio,  U.  S.  A. 


TBAOE   MARK 
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Relative : 
Economy: 


Ericcson   Hdt  Air  Engine 
B^^^H     Simple    Aufomaiic   Non  Condensing  Steam  Engine 
^■■^■^^■■^B  Compound  Condensing  CopliSS  Steam  EInCine 
^^H^^^^HHH^^^B  Gasoline  Engine 

^■■^^■^^■^■■^■IS^HHHB^H  Dr.  LaVlrone  4Cyclc  Gas  Engine 
^^^■■■^■■^^^^■■^iM^M^M^M  De  La  Vergne  ..Oil  Engine 


To  the  power-consuming  manufacturer  the  subject  of  economical  prime 
movers  is  one  tjf  rapid'y  increasing  importance. 

The  fuel  consumption  of  an  engine  depends  on  two  factors — its  mechani- 
cal efficiency  and  its  thermal  efficiency. 

In  all  modern  engines  the  mechanical  eiificiency  has  reached  the  limit  beyond 
which  it  cannot  go. 

To  decrease  fuel  consumption  we  must  therefore  increase  thermal 
efficiency.     Thermal  efficiency  is  a  measure  of  economy. 

The  diagram  above  indicates  the  thermal  efficiency  of  the  De  La  Vergne  type 
"FH"  oil  engine  in  comparison  with  the  thermal  efficiencies  of  various  other 
heat  engines.  The  lengths  of  the  respective  bars  represent  the  highest  thermal 
efficiency  (referred  to  delivered  horse-power)  reported  by  various  authorities  for 
the  different  engines. 

Our  bulletin  No.  112  tells  you  more  about  the  De  La  Vergne  type  "FH"  oil 
engine.     It  is  sent   free  on  request. 

EasV^istH      DE   LA  VERGNE       "%:"" 

^*'"*  MACHINE  COMPANY.  "«"«  ^orv 

We  also  build  Gas  Engines  and   Refrigerating   Machines. 


ECONOMY  IS  WEALTH 

OTEAM  means  coal;  coal  costs  money;  if  yon  would 
^  save  both  and  secure  the  maximimi  of  power  at  a 
minimum  cost,  purchase  and  install  one  of  our  latest 
High  Speed  Corliss  engines  equipped  with  the  "Franklin" 
(patent)  Horizontal  Gravity  Latch-releasing  valve  gear. 
Highest  attainal)le  economy  and  close  regulation  guaran- 
teed. Rotative  speed  L50  to  200  revolutions  per  minute. 
Direct  connected  or  belted  types,  either  sim]:)le  or  com- 
pound. 

Send  for  cJexcn'ptii'e  cataJogue 

HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 


IS 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  35  Federal  St 

PITTSBURGH.  Farmers  Dcposil  Bank  BIdj 

SALT  LAKE  CITY.  313  Atlas  Block 

CLEVEL.\.\D,  New  England  Bldg 

LOS  ANGFI.FS.  American  Bank  Bldg 


BFANf-H   OFFICES 
PHILADELPHIA,  North  American  BMg. 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO,   Marquette  Bldg. 
PORTLAND,  ORE.,  Welis-Fargo  Bldg. 
SEATTLE,  Mutual  Lilc  Bldg. 


SAN  FRANCISCO.  99  First  Street 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  Bldg 
HAVANA,  CUBA,  116i  Calle  de  la  Habau 
CINCINNATI,  Traction  Bldg 


WATER  TUBE,  INTERNAL  FURNACE  AND  RETURN  TUBULAR 

BOILERS 

ALL  WROUGHT  STEEL  CONSTRUCTION 

E.    KEELER    COMPANY 

Established  1864  WILLIAM  SPORT,  PA. 

New  York        Boston        Philadelphia      Pittsburgh      Chicago       San  Francisco 


^5— 


CONTINUOUS  RECORDS 

of  Pressure,  Temperature,  Electricity,  Speed 
.    and    Time    are   obtained    automatically   by 
means  of 

BRISTOL'S 
RECORDING   INSTRUMENTS 

Write  for  new  48-page  Bulletin  No.  132 
cataloguing  Bristol's  Recording  Amme- 
ters as  illustrated,  herewith. 

THE  BRISTOL  COMPANY,  Waterbury,  Conn. 


Specify  "Alt  Radiator  Valves  to  be  genuine 

Jenkins  Bros,  with  Diamond 

Trade     Mark" 

Specifying  these  valves  and  then  insisting  that 
your  contractor  installs  just  v^^hat  is  called  for,  will 
secure  for  you  the  heaviest  radiator  valves  made- 
Highest  grade  metal  and  workmanship.  Full  open- 
ing.     All  parts  renewable.      Can  be  packed  under 


pressure. 


JENKINS  BROS. 


NEW  YORK 


BOSTON 


PHILADELPHIA 


CHICAGO 
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WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works,   1028  E.  Water  St..  ELMIRA,  N.  Y. 
Branch  Office  and  Warehouse.  45  Beekman  St..  NEW  YORK  CITY. 
Agencies,  666  Western  Union  Bldg,,  Chicago,  111. 

600  Bessemer  Bldg.,  Pittsburg,  Pa. 

262  Market  St.,  San  Francisco,  Cal. 


Massachusetts    Standard    Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,   Mass. 


SCOTCH  BOILERS 

DRY   AND   WATER    BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  Y. 


THE  JANUARY  JOURNAL 

We  will   pay  $0.25  a  copy  for  the 
January  1911    issue   of  The  Journal 

The  Airierican  Society  of  Mechanical  Engineers 

29  W.  3gth  St..  New  York 
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simplex  not  Duplex 
"To  be  simple 
id  to  be  great" 


Steam  and  Power  Pumping  Machinery 


-For  every  service- 


Compound  Packed  Plunger  Pump. 


American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 

Out  No.  18  Catalogue  goes  into  detaiU. 


American  Steam  Pump  Company, 


Battle  Creek.  Mich. 
U.  S.   A. 


Goulds  Single  Stage    Double 

Suction    Centrifugal    Pumps. 

These  pumps  are  suitable  for 
general  service  where  the  head  does 
not  exceed  150  feet. 

Send  for  bulletin 

78  W.  FALL  ST.  SENECA 

Branches  and  Agencies  in  All  Infiportant 

CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 

New  York  Office,  139-41  Cortlandt  Street 


BULLETIN    No.   68 
Describing  the 

Venturi  Hot  Water  Meter 

will  be  mailed  to  any  address 

"The  Chart  Tells  The  Story" 

Builders  Iron  Foundry     :     Providence,  R.  I. 
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ALLIANCE  CRANES  All  Types 

Also  Rolling 
Mill  and 
H  y  d  r  a  u  1  i  c 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Sr.ale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO.  alliance,  ohio 

Pittsburg  Office,  Frick  Building  Birmingham  Office,  Woodward  Building 


COMPLETE      FOUNDRY      EQUIPMENT 

For  Grey  Iron,  Brass,  Car  Wheel,  Pipe,  Steel  &  Malleable 
Casting  Plants.     Buildings  designed  and    furnished. 
Equipment   installed.     Initial    operation    con- 
ducted by  our  experts  at  moderate  charge. 
All  types  of  C  R  A  N  E  S     for  every  service 


Practical  designs 
Reliable  construction 


'/iilhJLMHil 


FOUNDRYEQUIPMENTCD 

HARVEY- ILL.  U.S.  A. 


i 


Catalogs  and  full  in- 
formation  on  request 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 
No.  Price 

820  Elevator,  C.   R.   Pratt $0.50 

940  Elevator  Safeties,  C.  R.  Pratt 10 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161  A  High-Speed  Elevator,  C.  R.  Pratt 40 

1300  Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


CLYDE  Hoisting  Engines 

have  steel  gears  and  ratchets.   Shafting  is 
extra  heavy  with  long  bearings.    Connect- 
.^  ing  rods  have  solid   ends.     Boilers 

,|l^     have  large  heating  surface. 

I^arge  stocks  on  hand -Ask  for   catalogue. 

CLYDE  IRON  WORKS,    duluth,  minn. 

CHICAGO.  ILL.  NEW  YORK  SAVANNAH 

.^18-19  Fisher  Bldg.         NEW  ORLEANS         HOUSTON 
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THE  A.  &  F.  BROWN  CO. 

ENGINEERS.     FOUNDERS,      MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 


DESIGNED,    FURNISHED    AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKSi    ELI2ABETHPORT 

NEW  JERSEY 


Gears  of  all  kinds 
and  sizes 

SALES    ROOMS   172    FULTON   ST., 
NEW  YORK  CITY 


THE 


NOT 

IN  THE 

JRU5T 


HJREEDY 

CINCINNATI.  O. 

ELEVATORS 


COMPANY 
INC. 


EVERY  TYPE 


Power  Transmission  Appliances 

FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 

New  Y'ork  City,  20G  Fulton  St.     Boston,  54  Purchase  St.     Cincinnati,  208  Elm  St. 


\^RITE    for  a  copy  of  our 
booklet    entitled    'The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American    Ball  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,         BOUND  BROOK   N.  J. 
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INDIVIDUAL  SANITARY  WASTTBOWLS 

Arranged  in  Single  or  Double 
Batteries,  oi  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
Closing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUPACTURINO     EQUIPMENT   &   ENGINEERING   COMPANY,    BOSTON,    MASS. 


All  Standard  Bearings 

are  fully  described  in   our 
New  Catalog  24A 

Send  for  it. 

Standard  R^oller  Bearing'  Company^ 

PHiladelphia 


TRADE  MARK 
REGISTERED 


1870  ESTABLISHED 


Trade   \  /  Mark 

RKCISTRRprn 


Vy   Mark  INCORPORATED  1891 

r.isTKRprn 

Use  Carpenter's  ^^^^^  n<„t,^m^ 

42  Years  on  the  market.     Quality  and  Price  Guaranteed. 


V 
Taps 


TRADE  MARK 
REGISTERED 


J.  M.  Carpenter  Tap  &  Die  Co. 

W  ^''fort"hem.''''^  PAWTUCKET,  R.  I.,  U.  S.  A. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 
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MACHINE    SHOP    EQUIPMENT 


MACHINE    SHOP   EQUIPMENT 


THE  ALLEN  MFG.  CO.  Inc. 

HARTFORD,  CONN. 

Allen  Patent  Safety  Set  Screws.  Made  from  high-test  steel  bars  and 
warranted  fully  as  strong  as  the  best  projecting  screw  made,  besides  elimi- 
nating danger  on  rotating  shafts.     Ask  j'our  dealer  for  them. 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 
Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.    Our  goods  are  not  surpassed  by 
any  in  the  world. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carbonmdum  Grains  and  Powders,  and  (iarnet  Paper. 


THE  J.  M.  CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for   cutting  Screw   Threads,    Taps,    Dies,   Screw 
Plates,  Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the 
market  and  38  years  in  the  lead. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW^  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  DrillBLathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


SAFETY 
SET  SCREW 


TAPS 
AND 
DIES 


CARBORUNDUM 
PRODUCTS 


TAPS 

AND 
DIES 


GEAR 
SHAPERS 


MILLING 
MACHINES 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 

Manufacturers   of   Grinding  Machines.      Internal  Grinders,    Cylinder 
Grinders,  Surface  Grinders,  Drill  Grinders. 


GRINDING 
MACHINES 
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AIR 

COMPRESSORS 

AIR  TOOLS 

AND   HOISTS 


TURRET 
LATHES 


MACHINE   SHOP    EQUIPMENT 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NE\\^  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  en.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Haniiners  and.Drill.s,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacitj-  J  to  5  tons. 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  ehuelc  work. 


HEAVY  DUTY 

BORING 

MILLS 


THE  KING  jMACHINE  TOOL  CO. 

CINCINNATI,  O. 


Vertical  Turret  Machines,  2S"  and  34". 
Machines,  42"  to  84",  inclusive. 


\'ertieal  Boring  and  Turning 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  loathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  b.v  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 

ENGINEERING 
SPECIALTIES 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  LTnited  States. 


METAL  SHOP 

AND 

FACTORY 

EQUIPMENT 


PINIONS 

AND 

GEARS 


PRECISION 
BENCH 
LATHES 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 
BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Ecjuipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improvetl  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


THE  NEW 


PROCESS  RAW 

SYRACUSE,  N.  Y. 


HIDE  CO. 


Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  S",  will  take  §"  rod  through  the  chuck  and  the  workmanship 
ia  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool  room.  Cata- 
log for  those  interested.    Also  makers  of  Automatic  Precision  Bench  Machinery. 


iACHINE   SHOP   EQUIPMENT 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  coinpleto  line  of  high-grailo  Turret  I.atlies  for  producing  work  acoii- 
rately.  rapidly  and  oooiiomioally.  Our  catalog,  which  describes  these  niachines  fuU.v,  will 
b''  mailed  on  reiiuesl. 


WELLS  BROTHERS  C OIVIPANY 

GREENFIELD,   IMASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Maehinerv. 


TURRET 
LATHES 


TAPS  AND 
DIES 


STEAM   ENGINES  AND    BOILERS 


al:siy  water  tube  boiler  co. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


ameeican  engine  CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Angle  Compound  Engines.  Angle  corn- 
pound,  80  to  1  000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,'  120  to  1,600  h   p. 


WATER  TUBE 
BOILERS 


ENGINES 


THE  BABCOCK  &  WILCOX  COMPANY^ 

s.')  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Autornatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.   Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


WATER  TUBE 
BOILERS 


STEAM 
ENGINES 


ENGINES 
STEAMandGAS 


STEAM   ENGINES  AND   BOILERS 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


STEAM 
ENGINES 


STEAM 
ENGINES 


ENGINES 
TURBINES 
CASTINGS 


BOILERS 


BOILERS 


COMPLETE 

POWER   PLANT 

EQUIPMENT 


STEAM 
ENGINES 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portalile, 
open  bottom  portable,  vertieal  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Leutz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 

HARRISBURG,  PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 

Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder  Frame,  Simple  or  Compound,  having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  Hamilton  Holzwarth  Steam  Turbines,  Special  Heavy 
Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers. 
Supporting  Stacks,  Feed  Water  Heaters. 


Self- 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 

Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice  &  Sargent  Corliss  Engines,  Improved  Greene  Engines  and  Repair 
Parts,  Special  Machinery. 
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STEAM    ENGINES    AND    BOILERS 


RIDGWAY  DYNAMO  &  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgvvay  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 

131  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  tA'pes  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE  VILTER  MFG.  CO. 

1070-1088  Clinton  St.  MILWAUKEE,  WIS. 

Established  1867 

Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct- 
Connected  Service,  medium  or  high  speed.     Ice  and  Refrigeration  Machines. 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 
Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


ENGINES 
GENERATORS 


BOILERS 


ENGINES 

REFRIGERATING 
MACHINERY 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


GAS    ENGINES   AND    GAS    PRODUCERS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


DE 

LA 

YERGNE 

MACHINE 

COMPANY 

1123  E.  1.38th  St. 

NEW  YORK 

CITY 

Refrige 

•ating 

and  Ice  Mak 

ng  Machinery, 

5  to  600  tons  capacity;  | 

<  'il  Engines 

up  to 

300  B.  H.  P.; 

Gas  Engines  75 

to  2400  B.  H.  P. 

AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


GAS 
ENGINES 


REFRIGERATING 

and 

ICE  MAKING 

MACHINERY 

OIL  AND  GAS 

ENGINES 


OIL 
ENGINES 
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GAS    ENGINES    AND    GAS    PRODUCERS 


GAS    ENGINES 

AND 

PRODUCERS 


GAS 
PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Natih  Gus  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.  Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  plants.     Tar  Extractors  and  Gas  Cleaning  Plants. 


POWER    PLANT  AUXILIARIES   AND    SPECIALTIES 


VALVES 

SLIDE  and 

PISTON 

DISTRIBUTION 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 
We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


INJECTORS 


VALVES 

GAUGES 

INDICATORS 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICK. 

U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  Well  Jet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


VAL\'E  MFG.  CO. 

Established  1S51 


AMERICAN   STEAM   GAUGE   AND 
BOSTON,  MASS. 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  ^'aK'es  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


VALVES 
GAGES 


OIL  ANDTAR 
BURNERS 

FURNACES 


BOSTON 


THE  ASHTON  VALVE 

NEW  YORK 


CO. 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  eflficiencj',  durability  and  perfect  satisfaction. 


w. 

N.  BEST 

11  Broadway 

NEW^  YORK  CITY 

Apparatus  for  and  technica 

1  information  rel: 

itive  to  all  forms  of  liquid 

fuel  equi])mer.t . 
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POWER   PLANT  AUXILIARIES   AND  SPECIALTIES 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Rooonlinp  Pressure  and  Vacuum  GauKCs.  Bristol's  Recording  Thermometers. 
The  Wni.  H.  Bristol  Electric  I'yrometors.  Bristol's  Recordinti  Voltmeters,  Ammeters 
and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  Patent  !>teol  Belt  Lacing. 


RECORDING 

GAUGES 

and 

INSTRUMENTS 


(  hap:man  valve  manufacturing  co. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  TORK       ST.   LOCI3       PITTSBITRGH       CHICAGO       PHILADELPHIA       SAN   FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments;  Chime  Whistler;  Sight  Feed  Lubricators; 
Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage  Testing 
Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


THOS.  H.  DALLETT  CO. 

York  and  23rd  Sts.  PHILADELPHIA,  PA. 

Manufacturers  of  a  complete  line  of  Air  Compressors,  suitable  for  high-class  instal- 
lations. Equipped  with  special  "Silent"  inlet  and  discharge  valves.  Also  Pneumatic 
Boiler  Scalers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.     Send  for  literature. 


AIR 

COMPRESSORS 

PNEUMATIC 

BOILER 

SCALERS 


THE    ENGINEER   COMPANY 

50  Chcrch  St.  NEW  YORK,  N.  Y^ 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 
(Trade  Mark  "Balanced"  Reg.  L'.  S.  Pat.  Office.) 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication   Pumps  made   in   any   number   of   Feeds   or 
Compartments. 


LUBRICATION 
PUMPS 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves.''  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


THE  HUGHSON  STEAM  SPECIALTY 

CHICAGO,  ILL. 


CO. 


Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators.  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
f  ir  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
RLGULATORS 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


AIR 

COMPRESSORS 

AIR  TaOLS 

AND   HOISTS 


VALVES 

PACKING 

DISCS 


MAGNESIA 
ASBESTOS 

and 
BRINE    PIPE 
COVERINGS 


VALVES 


VALVES 

BLOW-OFF 

VALVES 

FIRE  HYDRANTS 


VALVES 

INJECTORS 

LUBRICATORS 

ETC. 


VALVES 


STEAM 
TRAPS 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J2  to  5  tons. 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufae'iurers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket,  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.    Catalog  mailed  on  request. 


ROBERT  A.  KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:    6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hy- 
drants; Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of   genuine   Ludlow   Gate   Valves   for   all   ])urposes. 
Special  Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


MONARCH  VALVE  &  MANUFACTURING  CO. 

39    CORTLANDT    St. 

NEW 

YORK 

SPRINGFIELD,  MASS. 

Manufacturers 

of  Bronze  and  Iron 

Bodied  Valves  for  various  pressures 

and  purposes. 

MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting 
Steam  Trap  is  the  original  design  of  tUting  trap,  liaving  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 
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POWER    PLANT    AUXILIARIES    AND    SPECIALTIES 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 

Founded  1878  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirtj'  years  practical  experience  can  produce. 


AUTOMATIC 
FURNACE 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature;  also 
Blow-off  \'alves.    Our  new  224-page  Valve  Catalogue  sent  free  on  request. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors  for  Steam  Engines,  Turbines,  Gas  Engines.     Mechanical 
Control   Power  Regulation. 

See  our  Condensed  Catalogue  in  April  1911  number  of  The  Journal. 


PO^YER  PLANT  SPECIALTY  COMPANY 

625  INIONADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.     Correspondence  solicited. 


POWER 

SPECIALTY 

CO 

111  Broadway 

NEW 

YORK 

The  Foster  Patent  Superheater,  saves  feed  water, 
coal  and  boiler  power. 

condensing 

water, 

VALVES 


GOVERNORS 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


SUPERHEATERS 


WM. 

B.  SCAIFE 

& 

SONS 

COMPANY 

221 

First  Ave., 

PITTSBURG,  PA. 

Sys 

WE-FU-GO  and  SCAIFE  Water 
tems  for  boiler  feed  water  and  all 

Softenin 
industrial 

g,  Purifying  and  Filtering 
and  domestic  purposes. 

WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


SCHUTTE  &  KOERTING  CO. 

1229-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Syphons,  Eductors,  Furnare  Blower.s,  Exhausters,  Pump  Primers,  Con- 
densers, Spray  Cooling  Nozzles;  Valve.s;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  Check,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,  Feed  Water  Heaters,  etc. 


INJECTORS 
CONDENSERS 

VALVES 
ENGINE  STOPS 


SHERWOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years'  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  high  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil  Pump 
for  Steam  Engines;  Buffalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gasoline  Engines; 
Oil  Cups,  etc.     Catalog  on  application. 


INJECTORS 

AND 
OIL  PUMPS 


33 


POWER     PLANT  AUXILIARIES  AND   SPECIALTIES 


INSTRUMENTS 


LUBRICATING 
OILS 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


c.  J.  tagliabup:  mfg.  co. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and   Pressure.      Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
.See  o»r  Condeiuicd  Catalogue  in  Auril  lUll  nuihher  of  The  Journal. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating;  Oils  for  Power  Plants,  Central  StaJtions,_  Machine  Shops, 
Foundries  and  all  general  purposes, 
the  highest  quality. 


All  classes  of  Petroleum  Products  of 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:  CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers.  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

COOLING 

TOWERS 

FEED-WATER 

HEATERS 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 

NEW    YORK  BOSTON  CHICAGO  SAN    FR.VNCISCO 

Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed-Water  Heaters,Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PUMPS  AND   HYDRAULIC  TURBINES 


HYDRAULIC 
TURBINES 

PUMPING 
MACHINERY 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.  High  Duty  Pumping  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
Stage;  Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,  Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.      Literature  upon  request. 


PUMPS 
CONDENSERS 


M.  T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.    Surface  and  Jet  Con- 
densers. 
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PUMPS  AND  HYDRAULIC  TURBINES 


THE  GOILDS  MAM  FACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Mamifactvirers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  every  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  W^ood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  J.Iill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  jNLarine  Engines. 


PUMPS 
HYDRAULIC 
MACHINERY 


WATER 

WHEELS 

WOOD  PULP 

AND 

PAPER 
MACHINERY 


TURBINES 
PAPER    MILL 
MACHINERY 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 


POWER  TRANSMISSION 


THE  AMERICAN  PULLEY  CO. 

PHILADELPHL\,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip:  light,  true 
and  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY  CO. 


ONEIDA,  X.  Y. 


CHICAGO,  ILL. 


The  largest  manufacturers  of  PuUevs  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  3  to  40  face,  and  fit  any  size  shaft  from  1 
to  (S^".     Let  us  send  you  our  booklet  illustrating  all  styles. 


THE 

A. 

& 

F. 

BROWN 

CO 

172  Fulton 

St. 

NEW 

YORK 

Manufacturers  of  Shafting, 

Pulley.'^,  Hangers, 

etc.. 

for  Transmission   | 

of  Power. 

PULLEYS 


PULLEYS 


SHAFTING 
PULLEYS 
HANGERS 
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POWER    TRANSMISSION 


FRICTION 
CLUTCHES 


THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 

Send  for  our  Catalog,  and  Clutch  Booklet  entitled  "  Clutches  for  Use 
in  Machine  Building."  The  information  set  forth  therein  will  be  of  interest 
to  any  Builder  or  Designer  of  Machinery. 


POWER 

TRANSMISSION 

ELEVATORS 
(CONVEYORS 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers  of  everything  for  the  Mechanical  Transmission  of 
Power;  also  Elevating  and  Conveying  Machinery,  and  the  "Eureka" 
Water  Softener.    Send  for  general  catalog  C-10. 


POWER 

TRANSMISSION 

APPLIANCES 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 
Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


STEEL 

BELT 

LACING 


FLEXIBLE  STEEL  LACING  CO. 

542  W.  Jackson  Boulevard  CHICAGO,  ILL. 

Alligator  Steel  Belt  Lacing.  Adapted  for  use  on  leather,  rubber,  balata, 
cotton  or  canvas-stitched  belting  of  any  width  or  thickness.  A  perfect  flex- 
ible joint  and  separable  hinge  joint  that  works  satisfactorily  with  an  idler. 


POWER 

TRANSMISSION 


iPULLEYS— PAPER 

FRICTION 

TRANSMISSION 


POWER 

TRANSMISSION 


PAPERS 

ON 

POWER 

TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 

Modern  and  Approved  Appliances  for  the  transmission  of  Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  58.5.  Power  Losses  in  Transmission  Machinery  of  Central  Stations: 
Aldrich,  price  $.^0;  No.  808.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  f. 10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.30;  No.  1230.     Paper  on  Belting:     C.  G.  Barth,  price  $.50. 
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HOISTING   AND   CONVEYING    MACHINERY 


HOISTING  AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
M  achinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.    Helicoid 

and  screw  conveyors,  machine  molded  gears,  pulleys,  fiy-wheels,  rope  sheaves 

and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE 


CO. 


B.  F.  GOODRICH 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  A.shes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


CRANES 

STEAM 
HAMMERS 
PUNCHES 

AND 
SHEARS 


HOISTING 
MACHINERY 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


HOISTING 
ENGINES 

AND 
DERRICKS 


ELEVATORS 
FRICTION 

CLUTCHES 
PULLEYS 


CONVEYOR 
BELTS 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 
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HOISTING  AND  CONVEYING   MACHINERY 


HOISTING 
ENGINES 

CABLEWAYS 
MARINE 

TRANSFERS 


ELEVATORS 

AND 
CONVEYORS 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


CRANES 


LIDGERWOOD  MFG.  CO. 


{){')    I.IBKKTY    St. 


NEW  YORK 


Hoisting  Engines-steam  and  electric,  ^or  every  use  of  the  f^'^''[\'''}'''''JZl' 
hous"ln,  railroads  shipowners,  etc.    Derricks,  Derrick  Irons  and  ^l^ful 
wHvs  for  lio.sting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


ELEVATORS 


ROBINS 

BELT 

CONVEYORS 


WIRE   ROPE 


CRANES 

•MONO-RAIL 
SYSTEMS 

CONTROLLERS 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power 
Transmission  Machinery. 


ME\D-MORRISON  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

Locomotive  Drrri.-ks,  f^uspension  Cableways. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 

f^Sx^SI^M^S^n"  J^criirli^K  Slli^g  Mill  and  Special  Machinery. 


THE  H.  J.  REEDY  CO. 

CINCINNATI,  O. 

Manufacturers  of  all  types  of  Passenger  and  Freight  Elevators. 


ROBINS  CONVEYING  BELT  COMPANY 

Thomas  Robins,  Pres.  C.  Kemble  BALDWiN,ChiefEngr.,13Park  Row,  N.Y. 

r^^.     P^hin,  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
The  Robins  Belt  '-°^Y7successfullv  and  economically  conveymg  ore    rock,  coal  and 
rml^^rnfaterTal^  und^r  Jhe  nZlrying^conditions  of  service.     Correspondence  mvtcd. 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel  and  Copper  Wire  Rope,  and  Wire  of 
every  description. 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     \Miarf  C^ranes.     Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 

:'.s 


HOISTING  AND   CONVEYING    MACHINERY 


TIIK  TOLEDO  lUilDdE  c^   (RANK  (O. 

TOLEDO,  OHIO 
Tolfdo  t'raiios  and   Hoists;  Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery;  p]lectric  and  Hand  Power  Cran(>s,  all  types,  any  capa- 
city; Structural  Steel  for  Factory  Buildings. 


CRANES 
HOISTS 


THE  WEBSTER  MEG  COMPANY 

(Successors  to  WEB.STER  M'F'G  CC) 
TIFFIN,  OHIO  Eastern  Branch:  .SS-90  Head.-  hi.,  NEW  YORK 

.Manutactiirers  of  Elevating,  Conveying  and  Power  Transmitting  Maeiiinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Gearing. 


ELEVATING 
CONVEYING 

POWER 
TRANSMITTING 

MACHINERY 


THE  YALE  & 

9  Murray  St. 

Makers  of  the  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting 
Hoist  in  10  sizes,  \  to  16  tons. 

TOWNE 

and  Electric 
capacity  of  f 

MFG. 

Hoists, 
rom  I  to 

CO. 

NEW  YORK 

The  Triplex  Block 

20  tons;  Electric 

CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


ELECTRICAL  APPARATUS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Electrical  Machinery  of  every  description;    Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


MOTORS 

AND 

GENERATORS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives. 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


ELECTRIC 
DRIVE 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  line 
of  switchboard  and  portable  instruments  offered  to-day. 


DYNAMOS 
MOTORS 

TRANSFORMERS 
INSTRUMENTS 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

PITTSBURG,  PA. 
Westinghouse  Electric   Motor   Drive.     Pumps,   compressors,   hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


ELECTRIC 

MOTOR 

DRIVE 
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AIR   COMPRESSORS   AND   PNEUMATIC  TOOLS 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 

COMPRESSORS 

PNEUMATIC 

TOOLS 


AIR 
COMPRESSORS 

TOOLS 

HOISTS  AND 

SAND 

RAMMERS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 

Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

Twenty  standard  Air  Compressor  tj'pes,  capacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  i  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


FOUNDRY    EQUIPMENT 


SAND 

RAMMERS 

AIR  TOOLS 

AND  HOISTS 

COMPRESSORS 


FOUNDRY 

MOLDING 

MACHINE 

EQUIPMENT 


FOUNDRY 
EQUIPMENT 


FOUNDRY 

PLANT 

EQUIPMENT 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

'Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  |  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New  York  2014  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing   Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


J.  W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cu- 
polas, Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturers,  Engineers  and  Designers  of  complete  equipment  for  grey  iron,  brass, 
car  wheel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds  for  every 
service.     Buildings  designed  and  furnished;  equipment  installed  and  operated. 
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BLOWERS,    FANS,    DRYERS,   ETC. 


BLOWERS,   FANS,   DRYERS,   ETC. 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum 
tloaniiitr,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
Exhausters.     High  Pressure  Gas  Pumps.     F!exil)le  Couplings. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat,  Indirect  heat,  and  Steam  Dryer.s  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust  air  under  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


DRYERS 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


ROLLING    MILL    MACHINERY 


JVIACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 

Engines,  single  and  compound,  corliss  reversing  and  blowing.  Roll- 
ing Mill  and  Hydraulic  Machinery  of  all  kinds.  Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydrauhc  Forging  Presses, 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacitv. 


ENGINES 

ROLLING    MILL 

MACHINERY 


STEAM 

HYDRAULIC 

FORGING 

PRESSES 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  W.  Gordon,  price  $.20;  No.  894.  Test  of  an  Hydraulic  Air  Compressor:  W.  O. 
Webber,  price  $.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.H.Bunnell,  price  |.10:  No.  1131.  A  High  Duty  Air  Compressor:  O.  P.  Hood, 
price  $.30. 


PAPERS 

ON 

AIR 

COMPRESSORS 
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ENGINEERING    MISCELLANY 


ENGINEERING  MISCELLANY 


ALUMINUM 


BALL 
BEARINGS 


CASTINGS 

MACHINE 

WORK 

GRINDING 
MACHINES 


WATER 
FILTERS 


BALL 

AND 

ROLLER 
BEARINGS 


BRIGHT  COLD 

FINISHED 

STEEL  BARS 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 

Aluminum  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust   Bearings, 
Auburn  Steel,  Bra.ss  and  Bronze  Balls,  Solid  and  Hollow. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Size,  Weight  and  Strength.    Large  and  Accurate 
Machine  Work.    Grinding  and  Polishing  Machines. 


ROBERTS    FILTER    MFG.  CO..  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.     Steel,  Bronze  and  Brass  Balls. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PLANERS 


S.  A.  WOODS  MACHINE  CO. 

BOSTON 


CHICAGO-NORFOLK 
NEW  ORLEAN.-5-.SEATTLE 

The  Planer  Specialists 


Planers  for  Dressing  Lumber 
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ENGINEERING  SCHOOLS  AND  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

DEPARTMENTS  OF  Clvll,  Mechsnlcal  and  Chem- 
ical Engineering. 

For  announcements  or  Information,  address 

Charles  Hbnrt  Snow,  Dean. 

UNIVERSITY   HEIGHTS,  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  of  Enqineerinq.  Clvll,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthont,  Dean, 

TUFTS  UUbLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

Course  in  Mechanical  Enqineerinq,  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkin- 
son, Ph.  D.,  President;  W.  D.  Ennla,  Member 
A.  S.  M.  E.,  Professor   Mechanical  Engineering. 


THE   RENSSELAER   POLYTECH- 
NIC  INSTITUTE 

Courses  In  Clvll,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TRO  Y,N.  Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical— Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 

BERT  L.   BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,   Plants  and  Equip- 
ments of  same. 

Perln  Building.  CINCINNATI.  OHIO 

F.  W.  Dean       H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC., 

Mill  Engineers  and  Architects. 

Exchange  Building.  53  State  St., 

BOSTON.   MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests  of  Electrical  Machinery,  Apparatus  and 
Supplies.    Materials     of     Construction.     Coal. 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW  YORK  CITY. 

CHAS  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 
201  Devonshire  Street,  BOSTON,  MASS. 

J.   Wm.   PETERSON 

Lubrication  Engineer 

Specialty:  Plans,  Specifications  and  Superintend- 
ence of  Power  Plant  Oiling  Systems  and 
General  Machinery  Lubrication 


50  Church  Street 


NEW  YORK  CITY 


SPECIAL  RATES 

Will  be  quoted  on  request  for 
Professional  Cards. 
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An  Engineering  Library 

Fifty  Thousand  Volumes 

Four  Hundred  and  Fifty 
Technical  Journals 


One  of  the  largest  collections  of  Engineering 
literature  in  the  world  is  THE  ENGINEER- 
ING LIBRARY  in  the  Engineering  Societies 
Building,  29  West  39th  Street,  New  York. 

It  comprises  50,000  volumes,  including  many 
rare  and  valuable  reference  works  not  readily 
accessible  elsewhere.  There  are  450  current 
technical  journals  and  magazines.  All  the 
foreign  and  domestic  technical  periodicals  are 
received,  as  well  as  the  proceedings  of  the 
various  engineering  societies  of  the  world. 

The  library  is  open  from  9  a.m.  to  9  p.m., 
with  trained  librarians  inconstant  attendance. 
Its  resources  are  at  the  service  of  the  engineer- 
ing and  scientific  public. 
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CONDENSED 
CATALOGUES 

OF 

MECHANICAL 
EQUIPMENT 


SECTION  ONE 

Power  Plant  Equipment 

Other  sections  of  the  Condensed  Catalogues  to  be  published  in  subsequent 
issues  of  The  Journal  during  1912  will  include  Hoisting,  Elevating  and 
Conveying  Machinery,  Industrial  Railway  Equipment,  Power  Transmission 
Machinery,  Electrical  Equipment,  Metal  Working  Machinery,  Machine  Shop 
and  Foundry  Equipment,  Steel  and  Rolling  Mill  Equipment,  Pumping 
Machinery.  Mining  and  Metallurgical  Equipment,  Heating  and  Ventilating 
Apparatus,  Refrigerating  Machinery,  Air  Compressors  and  Pneumatic  Tools, 
Engineering  Miscellany. 


THE  AMERICAN  SOCIETY  of 
MECHANICAL    ENGINEERS 
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AMERICAN  ENGINE  COMPANY 

42  KARITAX  A\'EXUE 

BOUND  BROOK,  N.  J. 

ALL   KINDS   OF   HIGH   GRADE   SIMPLE  AND  COMPOUND  STEAM  ENGINES,  DIRECT- 
CONNECTED  UNITS,  MOTORS  AND  GENERATORS. 


THE  AMERICAN-BALL  ANGLE  COMPOUND  ENGINE 

The  American-Ball  Angle  Com- 
pound Engine  has  all  of  the  advan- 
tages possessed  by  every  American 
engine,  an  automatic  system  of 
lubrication,  sensitive  balanced  auto- 
matic governor,  adjustable  cross 
head  guides,  attached  indicator  re- 
ducing motion,  high-class  workman- 
ship, etc.  Besides  these,  some  of  the 
special  advantages  inherent  to  the 
angle  construction  are  as  follows: 

(1)  With  the  cylinders  at  right 
angles,,  practically  perfect  balancing 
is  secured. 

(2)  The  angle  construction,  with  its  fovu'  impulses  per  revolution,  gives  a 
l)ractically  uniform  torque,  making  this  engine  especially  adaptable  for  driving 
alternators  which  are  to  be  run  in  parallel. 

(3)  With  no  dead  centers,  the  engine  can  be  started  from  any  position. 

(4)  Small  floor  space.  The  Angle  Compound  Engine  gets  twice  as  much 
power  on  the  same  amount  of  floor  space  as  does  a  simple  engine. 

These  matters  are  fully  discussed,  with  appropriate  diagrams,  in  our  pamphlet 
in  "The  Modern  High-Speed  Automatic  Engine." 

The  American-Ball  Angle  Compound  Engine  has  been  widely  adopted  for 
uenerating  power  in  isolated  plants. 

We  have  prepared  a  special  report  on  the  cost  of  isolated  plant  power,  which 
we  will  be  pleased  to  send  to  engineers  interested  in  this  branch  of  engineering. 

DIMENSIONS  OF  AMERICAN-BALL  ANGLE  COMPOUND  ENGINES 


FOR  BELTED  SERVICE 


FOR  DIRECT-CONNECTED  SERVICE 
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BALL  ENCxINE  CO, 

ERIE,   PENNSYLVANIA 

CORLISS-VALVE  AND  SINGLE-VALVE  ENGINES;  HORIZONTAL  AND  VERTICAL 
SIDE-CRANK  ENGINES;  TANDEM  AND  CROSS-COMPOUND  SINGLE-VALVE 
ENGINES,  CORLISS-VALVE   COMPOUND   AND   SINGLE-CYLINDER  ENGINES. 


HIGH-SPEED  CORLISS  ENGINES 

The  feature  which  distinguishes  this  engine  from  other  four-valve  shaft 
governed  engines  is  the  patented  non-detaching  valve  gear,  which  imparts 
the  same  movement  to  the  valves  that  the  drop  cut-off  of  the  slow-speed 
Corliss  produces  by  picking  up  and  dropping  them.  This  permits  the  use 
of  the  best  form  of  valve,  and  the  valves  are  given  the  movement  necessarj- 
for  the  greatest  durability  and  tightness. 

Built  in  sizes  from  100  h.p.  to  1200  h.p.  in  the  single-cylinder  ;ind  cross- 
compound  types. 

These  engines  excel  in  economy  and  regulation  and  are  especially  adapted 
for  electric  service. 


SINGLE- VALVE  AUTOMATIC  ENGINES 

These  engines  are  the  result  of  a  long  experience  in  building  engines  for 
electric  service.  They  are  superior  in  design  and  construction.  The  regula- 
tion and  economy  are  the  best  of  their  tj'pe. 


Built  in  sizes  from  25  h.p.  toSOOh.p.  in  the  single-cylinder,  tandem-com- 
pound and  cross-compound  types. 
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ERIE  CITY  IRON  WORKS 

ERIE,  PENNA. 

STEAM  ENGINES  AND  BOILERS.    FEED  WATER  HEATERS.    HORIZON- 
TAL AND  VERTICAL  WATER  TUBE  BOILERS.    LENTZ  ENGINES. 


The  Lentz  Engine 

A  PROVISION  FOR  THE  NECESSITY  CONFRONTING  AMERICAN 
MANUFACTURERS  FOR  ECONOMY  IN  THE  USE  OF  FUEL 

We  are  approaehing  a  condition  in  this  country  that  exists  in  other  coiuitries, 
that  is:  extreme  economy  must  he  practised  in  every  department  of  every  business  to 
make  a  fair  showing,  and  this  apphes  with  especial  force  to  the  coal  pile. 

After  an  extended  investigation  we  have  become  convinced  that  the  Lentz 
engine,  using  superheated  steam  is  the  most  economical  of  all  prime  movers, 
and  have  securecl  tlie  American  rights  for  manufacturing  it  under  the  patents  of 
Hugo  Lentz,  of  Germany. 

CONSTRUCTIONAL  FEATURES 

Throughout  the  engine  there  is  no  elastic  packing  used.  The  valves  are  of 
the  double-seated  poppet  type,  and  the  valve  spindles  are  ground  to  fit  in  long 
Inishings  with  water  grooves,  and  no  packing  is  used  in  this  construction.  The 
y-dWe  is  so  designed  that  it  can  stand  high  temperature  or  changes  of  temperature 
without  affecting  its  tightness,  and  as  there  is  no  rubbing  surface  it  stands 
efjually  well  uncler  a  high  degree  of  superheat  or  saturated  steam.  The  valves 
are  actuated  by  a  cam  working  on  a  roller,  these  parts  being  all  case  hardened. 
A\'hen  the  valve  comes  to  a  seat  the  cam  is  disengaged,  but  the  roller  and  cnm 
are  alwaj's  in  contact  vmtil  the  valve  has  been  seated,  consequently,  there  is  no 
noise,  nor  is  there  any  limit  to  the  revolutions  at  which  the  valve  gear  may  be  r\ni. 

The  governor  is  extremely  simple  in  its  construction;  consisting  of  an  intrtia 
weight,  two  pendula?  and  one  small  fiat  spring.  It  utilizes  its  inertia  in  a  very 
novel  and  unique  manner.  The  outer  I'ing,  running  loose  on  the  lay  shaft  instead 
of  being  rigidly  connected  to  it,  as  is  the  case  in  most  other  governors,  influences 
directly  the  governor  spring  and  the  pendula?.  With  the  slightest  change  of  load 
and  consequently  of  speed,  this  inertia  force  acts  before  the  centrifugal  forces 
which  have  to  first  overcome  the  friction  existing  before  they  can  possibly  b(>- 
come  operative.  The  consequence  of  this  novel  combination  of  inertia  and  cen- 
trifugal action  is  a  greatly  increased  sensitivenet^s  and  quickness  in  action. 

When  required,  the  engine  is  provided  with  a  hand-speed  adjustment,  and  the 
speed  of  the  engine  can  be  varied  while  in  operation.  As  noted  in  the  illustration 
herewith,  the  engine  is  extremely  simple  and  very  accessible.  All  details  have 
Ijcen  fully  patented  by  Mr.  Hugo  Lentz  of  Germany,  and  we  have  the  exclusive 
rights  under  these  patents  in  the  L'nited  Htates. 

\A'e  are  prepared  to  demonstrate  that  this  is  the  most  economical  steam  engine 
that  has  ever  been  made.     We  have  offices  in  all  the  important  centers,  and  it 
would  be  a  pleasure  for  us  to  have  a  representative  call  and  go  into  the  details  of 
this  engine.     This  engine  is  built  single  cylinder,  tandem  and  cross-compound. 
-  _ 
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THE  FITCHBURG  STEAM  ENGINE  CO. 

FITCHBURG,  MASS. 

SINCE  1870  MANUFACTURERS  OF  STEAM  ENGINES 
FOR    USE    UNDER    EVERY    SORT    OF    CONDITION 


"THE  FITCHBURG"— DIRECT-CONNECTED— GIRDER  BED 


Sizes  7"  by  18"   to  22"  by  42".     Revolutions  80  to  250. 


D.  Con.  or 

Belted  Girder  Bed  as  above              To     300  H.P. 

"        " 

"       Tangye  Bed  as  below              * 

'       800     " 

"        " 

"       Tandem  Girder                        ' 

'       300     " 

U                 (( 

"       Tandem  Tangye                      ' 

'       800     " 

u            u 

"       Cross  Girder                             ' 

'       750     " 

"         " 

"       Cross  Tangye                           ' 

'      1500     " 

a           <( 

"       High-Speed  Horizontals         ' 

'       250     " 

u            a 

"       Single  Cylinder  Vertical        ' 

'       400     " 

"             " 

"       Steeple  Comp'd  Vertical        ' 

'       400     " 

Details  for 

any  size  given  on  application. 

"THE  FITCHBURG"— DIRECT-CONNECTED— TANGYE  BED 


Sizes  12"  by  18"   to   30"  by  48".     Revolutions  80  to  250. 
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HEWES  &  PHILLIPS  IRON  WORKS 

Established  1845 


NE«»iRK,  N.J. 


CONTRACTING     ENGINEERS     AND     MANUFACTURERS     OF     PATENT     DOUBLE- 
PORTED     CORLISS     ENGINES,     SIMPLE     OR     COMPOUND,     CONDENSING 
AND     NON-CONDENSING     FOR     EITHER    BELTED    OR    DIRECT- 
CONNECTED    ELECTRICAL    DRIVES.       EQUIPPED  WITH 
FRANKLIN   PATENT   HORIZONTAL  GRAVITY- 
LATCH    RELEASING  VALVE   GEAR 


.^Iso  CORLISS  FOUR-VALVE  ENCxINES,  NON-RELEASING  TYPE. 
Equipped  with  Robb-Armstrong-Sweet  Inertia  Shaft  Governor,  Automatic  Unit- 
Tanic  OiUng  and  Filtering  System.  SPECIALLY  DESIGNED  AND  CON- 
STRUCTED FOR  DIRECT-CONNECTED  ELECTRICAL  INSTALLA- 
TIONS IN  COMMERCIAL  BUILDINGS 

NAYLOR  VORTEX  STEAM  SEPARATORS 
IXDl-.PENDENT  STEAM-DRIVEN  VENTURI  AIR  PUMPS  AND  CON- 
DENSERS 

BAROMETRIC  CONDENSERS 

HEAVY  IRON  AND  BRASS  CASTINGS 

COMPLETE  STEAM  POWER  PLANTS  A  SPECIALTY 


Cross  Compound  Heavy-Duty  Engine 
Rotative  Speed  100  to  150  Rev    Per  Min 


Tandem  Compound  Heavy-Duty  Engine 
Rotative  Speed  100  to  150  Rev.  Per  Min 


<<<??)     PI 


FRANKLIN 

Corliss   Heavy-Duty   Engine,    Releasing 

Valve    Gear.      Rotative    Speed 

150  to  200  Rev.  Per  Min. 


AJAX 

Corliss  Four-Valve  Engine,  Inertia 

Shaft  Governor.     Rotative  Speed 

200  to  250  Rev.  Per  Min 


For  further  information  and  details  send  for  Catalogue 
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HARDIE  TYNES  MANUFACTURING 
COMPANY 

BIRMINGHAM,  ALA. 

CORLISS  ENGINES,  AUTOMATIC  ENGINES,  HOISTING  ENGINES,  DIRECT-CONNECTED 
ENGINES,  SLIDE  VALVE  ENGINES,  BAROMETRIC  CONDENSERS,  AIR  COMPRESSORS, 
SPECIAL  MACHINERY,  HEAVY  CASTINGS. 


Several  types  of  Corliss  Engines  are  built  to  meet  the  requirements  of  all 
classes  of  manufacturing  and  public  service  plants. 

All  similar  parts  are  interchangeable.  Materials  are  those  best  suited  for  the 
service  for  which  they  are  intended.  Workmanshij)  is  of  that  high  order  found 
only  in  a  well  organized  jilant  building  high  grade  machinery. 

Bulletins  illustrating  them  may  be  had  on  application. 


HEAVY  DUTY  CORLISS   ENGINES 

Tangye  Frame  Type 

Designed  for  steam  pressures  of  150 
lb.  or  more,  to  run  at  moderate  speeds. 

Built  for  either  direct-connected  or 
belted  service,  in  sizes  ranging  from 
16x36  in.,  lU  i.h.p.,  to  34x60  in., 
1255  i.h.p. 


HEAVY  DUTY  CORLISS  ENGINES 

Imperial  Frame  Type 

These  engines  arc  also  designetl  for 
steam  pressures  of  150  lb.  or  more, 
but  may  be  operated  at  somewhat 
higher  rotative  speeds  than  the  Tangye 
Frame  Machines. 

'i'hey  are  particularly  desirable  for 
electric  power  antl  lighting  j)lants,  re- 
(juiring  comjiaratively  small  powers. 
Sizes  range  from  8x20  in.,  21  i.h.p., 
to  22  X  30  in.,  550  i.h.p. 
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HARDIETYNES  MANUFACTURING 
COMPANY 


HEAVY   GIRDER  FRAME 
CORLISS   ENGINES 

Thoso  engines  are  especially  suit- 
able for  manufacturing  plants  having 
niodei-ate  steam  pressures  and  no 
suddenly  applied  overloads. 

D(>signed  for  steam  pressures  of 
150  lb.  or  less,  and  built  in  sizes 
ranging  from  12  x  24  in.,  52  i.h.p., 
to  26  X  -iS  in.,  780  i.h.p. 

COMPOUND   CORLISS  ENGINES 

Cross  and  Tandem  Types 

Cross  and  Tandem  Compound 
Engines  are  built  on  either  Tangye, 
Imi)(>rial  or  Girder  Frames,  in  the 
following  sizes: 

Tangye  Frames  16  and  36  x  36  in., 
400  i.h.p.,  to  34  and  68  x  60  in.,  2300 
i.h.p. 

Imperial  Frames  8  and  16  x  20  in., 
65  i.h.p.,  to  22  and  44  x  30  in.,  700 
i.h.p. 

Girder  Frames  12  and  24  x  24  in., 
135  i.h.p.,  to  26  and  52  x  48  in.,  1300 
i.h.p. 

DIRECT-CONNECTED  CORLISS 

ENGINES 

Both  Tangye  and  Imperial  Frame 
Engines  are  built  for  service  with 
direct-connected  generators. 

Sizes  and  speeds  are  suitable  for 
generators  ranging  in  power  from 
50  kw.  to  1500  kw. 

BALANCED  VALVE  ENGINES 

Heavy  Duty  Type 

In  many  industries,  such  as  saw 
mills,  coal  mines,  etc.,  waste  material 
is  available  for  fuel,  and  the  ques- 
tion of  economy  gives  place  to  that 
of  simplicity  and  low  first  cost. 

In  such  cases  our  heavy  duty  balanced  valve  engine  is  a  rnost  satisfactory 
power  producer.  In  design  of  frame,  bearings,  and  reciprocating  parts,  it  re- 
sembles the  highest  type  of  Corliss  engines  more  nearly  than  its  competitors. 

Twelve  single  cylinder  sizes  ranging  from  10  in.  x  14  in,  39  i.h.p.,  to  24  in. 
X  30  in.,  455  i.h.p. 

Twelve  twin  cvlinder  sizes  ranging  from  10  in.  x  14  in.,  78  i.h.p.,  to  24  in.  x  30 
in.,  910  i.h.p. 
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THE  HOOVEN,  OWENS,  HENTSCHLER 

COMPANY 

HAMIT.TOX,  OHIO 

CORLISS  ENGINES,  SLOW  AND  MEDIUM  SPEED  WITH  RELEASING  GEAR;  CORLISS 
HIGH  SPEED  ENGINES  WITH  NON- RELEASING  GEAR;  HIGH  DUTY  PUMPING 
ENGINES;    HAMILTON  POWER  PUMPS;  AIR  AND  GAS  COMPRESSORS. 


Cross-Compound  Direct-Connected  Corliss  Engine 

HAMILTON  CORLISS  HEAVY  DUTY  ENGINES  WITH  ONE-PIECE  FRAME 
FOR  DIRECT  CONNECTION  TO  GENERATOR  OR  BELT  DRIVE  FOR 
HEAVY  MILL  SERVICE. 

Seientifically  designed  to  meet  the  severest  demands  of  modern  practice;  built  for  high  steam 
pressures  and  greater  rotative  speeds  than  customary,  equipped  witli  sensitive  governor,  insuring 
extremely  close  regulation.     Every  line  suggests  rigidity  and  stability. 

Steam  and  exhaust  passages  in  the  cylinders  are  very  large,  permitting  low  steam  velocity, 
indicator  cards  showing  horizontal  admission  and  exhaust  lines;  volumetric  clearance  small,  reduc- 
ing steam  consumption.  Steam  and  exhaust  mechanism  are  usually  operated  by  separate  eccen- 
trics, giving  long  range  cut-off.  Valves  double  ported  and  motion  of  all  parts  small,  consistent 
with  good  practice. 

The  valve  gear  as  shown  is  of  the  releasing  gravity  type  and  is  compact  and  simple,  having 
very  few  parts.  It  operates  noiselessly  and  positively  at  speeds  up  to  and  including  KH)  liPM 
and  being  a  gravity  gear  the  latch  drops  into  place  without  the  necessity  of  springs.  The  parts 
subject  to  stres.ses,  .such  as  latch  and 
cam  levers,  are  steel  forgings,  abs(;- 
lutely  safe  against  breakage,  and 
the  entire  valve  gear  is  carried  close 
to  the  cylinder,  avoiding  excessive 
overliang. 

Frame  is  of  tlie  Rolling  Mill  tyi>e 
and  cast  in  one  piece;  it  has  a  broail 
footing  on  the  foundation  for  its 
entire  length  and  extends  around 
and  under  crank  disc. 

Special  tools  are  used  for  machin- 
ing large  castings,  such  as  cylinder 
or  frame,  at  one  setting,  insuring 
perfect  alignment. 

Wo  build  our  heavy  duty  and 
high  speed  engines  in  both  the  hori- 
zontal and  vertical  single  cylinder 
or  compound  design. 


Hamilton  Corliss  Gravity  Valve  Gear 
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Tandem  Compound  Corliss  Rolling  Mill  Engine 

TANDEM    COMPOUND    HAMILTON    HIGH    SPEED    CORLISS    ENGINE 
WITH  VARIABLE  SPEED  VALVE  GEAR 

This  engine  is  equipped  with  positive  driven  valve  gear  and  link  motion  with  variable  speed 
liand  regulating  cut-off  mechanism  and  is  arranged  for  direct  connection  to  centrifugal  pump  or 
l)lower.  It  is  provided  with  a  fly  ball  governor,  attached  to  a  quick  closing  auxiliary  throttle 
valve.  The  frame  used  in  this  engine  is  of  same  design  as  our  heavy  duty  engine  and  the  speed 
is  usuallv  from   125  it>  17.5  RPM. 


Single  Cylinder  Direct-Connected  Corliss  Engine 

SINGLE  CYLINDER  AND  COMPOUND  HAM- 
ILTON HIGH  SPEED  CORLISS  ENGINE  WITH 
NON-RELEASING  VALVE  GEAR 

This  engine  is  adapted  for  all  speeds  from  12.5  to  200  RPM 
It  is  made  from  our  regular  Corliss  patterns,  with  changes  in 
the  valve  gears  to  meet  the  demand  for  higher  speeds  than  are 
liossible  with  the  releasing  gear  and  dash  pots. 

This  engine  is  entirely  in  a  class  by  itself  and  is  different  from 
the  so-called  "four  valve  engine."  The  valve  movement  is  as 
near  the  regular  Corliss  movement  as  it  is  possible  to  make, 
without  a  hook  and  dash  pot  release.  The  mechanism  is  such 
that  the  valves  move  during  the  balanced  period,  giving  high-* 
est  economy  and  least  wear.  The  rocker  arms,  etc.,  are  as 
light  as  possible  consistent  with  strength,  reducing  inertia 
forces  to  a  minimum. 

The  valve  stems  are  equipped  with  special  spherical  metallic 
packing  of  our  own  design  (patented),  eliminating  the  use  of 
stuffing  boxes.  The  entire  valve  gear  sets  close  to  the  cylinder, 
as  shown  in  the  illustration. 

The  governor  used  on  this  engine  is  of  the  shaft  type  (pat- 
ented) and  is  different  from  any  other  manufactured.  It  is 
arranged  so  that  the  governor  weights,  springs  and  eccentrics 
are  in  perfect  gravity  balance  at  all  speeds,  making  it  possible 
to  equalize  the  steam  distribution  in  each  end  of  the  cylinder. 
Another  feature  of  importance  is  that  the  spring  is  attached  to 
the  weight  in  such  a  manner  that  its  force  and  the  centrifugal 
force  of  the  weight  are  nearly  opposite,  making  the  resultant 
force  and  the  wear  on  the  weight  pin  very  small  indeed. 

Every  detail  of  our  engines  receives  great  care  and  is  fully 
described  in  our  bulletins  issued  at  frequent  intervals. 


2  3   Million   Gallon   High  Duty 
Pumping  Engine 
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McINTOSH  cV  SEYMOUR  CO. 

AUBURN,  N.  Y.,  U.  S.  A. 

MANUFACTURERS  OF  GRIDIRON  VALVE  STEAM  ENGINES  IN  ALL  STYLES.    SINGLE- 
CYLINDER,  COMPOUND,  OR  TRIPLE  EXPANSION  TYPES 


Type  F  Horizontal  Engines.    150  to  1200  H.  P. 

This  is  ;i  modern,  positive-feed  self-oiling,  enclosed  type  of  engine  recently 
introduced  with  marked  success.  The  extreme  simplicity  is  the  result  of  im- 
provements suggested  by  twenty  years'  experience  in  building  gridiron  valve 
engines.  This  makes  the  engine  less  expensive  and  also  makes  it  desirable  to 
extend  the  range  of  sizes  to  smaller  powers  and  higher  speeds  without  sacrificing 
any  of  the  advantages  of  this  type  in  the  line  of  sustained  economy,  durability, 
and  good  rvmning  qualities. 


Horizontal  Engines.    250  to  4000  H.  P. 
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MclNTOSH  k  SEYMOUR  CO. 


Vertical  Engines.    250  to  4500  H.  P. 


Combined  Horizontal-Vertical  Engines.    750  to  9000  H.  P. 

This  is  a  patented  type  of  engine  which  possesses  peculiar  advantages  for 
many  locations,  and  also  where  very  large  units  are  desired. 

Also  Horizontal  High  Speed  Piston  Valve  Engines  of  from  25  to  500  H.  P. 
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PROMDENCE   ENGINEERING   WORKS 

PROVIDENCE,  K.  I. 

RICE   &   SARGENT   STEAM   ENGINES.      REPAIRS   TO    IMPROVED 
GREENE  ENGINES.     SPECIAL  MACHINERY. 


'I'lic  Mii'o  &  Sarti'ciit  Corliss  Engines  arc  built  in  all  usual  1y])('s,  fur  all  jjurposcs 
i'..i'  uliicli  a  liijiii  jiradc  Corliss  ongiiio  is  rcquirod.  They  are  built  in  all  sizes, 
from  1.10  Horse  Powei'  lo  the  larji'esf  desired.  They  ar(>  desiu;ned  throughout 
for  s])eeds  eoiisiderably  hiiiher  than  ar(>  usual  for  other  Ccjrliss  enaine.s,  niakinj;; 
them  es])ecially  suited  lo  direct -eonneeted  eleeti'ieal  work. 

Iviee  &  Saro;ent  Corliss  Engines  arebuili  in  one  grade  only — The  same  patterns, 
material  and  workmanship  are  used  on  evovy  engine  as  on  thost  installed  in  some 
of  the  country's  finest  steam  ])lants. 

liemarkable  results  have  been  obfain(>(l  in  a  number  of  very  accurate  tests 
l)oth  as  regards  steam  consumj)tion,  regulation  and  mechanical  etficienc}-. 

Hulletins  de.scribing  the  details  of  construction  and  the  result  of  tests  will  ))e 
sent  to  anvone. 
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TROV  ENGINE  k  MACHINE  CO. 

TROY,  PENNSYLVANIA 
STEAM  ENGINES  OF  THE  CENTRE-CRANK  TYPE  EXCLUSIVELY 


Our  stMiuhird  j)r()diicts  arc  sjivcn  in   the  list  Ix'low.     Colunm  H  i;iv( 
iniini  usual  pressure  and  Coluuui  C  the  number  of  sizes  made. 


flic  iiKixi- 


Stock  Title 


Troy 
Trov 
Troy 
Troy 
Troy 
Troy 
Troy 
Troy 


Vertical  Automatic  Engines 

Horizontal  Automatic  Engines 

Vertical  Direct-Connected  Ens^ines.  .  . 
Horizontal  Direct-Connected  J^^ngincs. 

Vertical  Throttling  Engines 

Horizontal  Throttling  Engines 

Vertical  Low-Pressure   Engines 

Horizontal  Low-Pressure  Engines 


B 

c 

80- 

-1(50 

13 

80- 

-160 

8 

80- 

-160 

l.'i 

80- 

-160 

■S 

80- 

-160 

14 

80- 

-160 

9 

10- 

-  40 

!() 

10- 

-  40 

1) 

All  the  above  are  made  either  enclosed  and  self-oiling,  <- 
Sizes  —  2  to  loo  H.  P. 


jpiu  with  gravity  lubrication. 


TROY  SELF-OILING  ENGINES 

Troy  Self-oiling  Engine.-;  liavc 
liccn  tested  at  Cornell  Universit}-, 
disclosing  high  mechanical  effi- 
ciency and  a  very  low  rate  of  water 
consinnption.  These  are  features 
of  practical  interest  to  the  pur- 
chaser for  they  insure  an  important 
saving  in  the  cost  of  operation. 

This  excellent  showing  is  due  to 
the  original  design  of  the  engine,  as 
well  as  the  skill  and  care  exerci.sed 
in    its    niaiiufactiu'c,      ^Ihc   eiigincs 

are  built   I 


Horizontal  Automatic  Type 
for  Belted  Service 


I 


Special  Type  of  Vertical  Throttling 
for  D.  C.  to  Fan  or  Blower 


ive    long   servicer  with    iniiLiiuuni 
expense  for  maintenance. 

The  Troy  Engine  has — 

A  self-oiling  .system  that  saves  oil  and  rv- 
lieves  the  engineer  of  many  duties  necessary 
f(jr  the  ordinary  engine,  'ilie  system  has  a 
pump  and  a  check  valve  that  are  always  de- 
])endabl(\ 

A  balanced  valve  that  is  steam  tight  and 
self-adjusting  to  prevent  leakage.  This  valve 
will  not  have  to  be  replaced  or  repaired. 

There  are  other  features  of  interest  and  all 
are  descriljed  in  an  engine  catalogue.  We 
shall  be  glad  to  furnish  complete  data  relative 
to  an}'  of  our  engines  that  may  interest  yo\\. 
An  opportunity  will  be  appreciated  to  e.xplain 
what  the  Troy  Engines  will  do  for  you  and  how 
llii-v  will  save  A'ou  monc\-  on  vour  investment. 


Engines  and  Boilers 


THE  MURRAY  IRON  WORKS  CO. 

BURLINGTON,    IOWA 

BUILDERS  OF  CORLISS  ENGINES;  PUMPING  ENGINES;  AIR  COMPRESSORS; 
FEED  WATER  HEATERS;  BOILERS;  AND  CONTRACTORS  FOR  COMPLETE  POWER 
PLANTS. 


MURRAY  CORLISS  ENGINES 

Murray  Corliss  Engines  are  built  either  with  girder  frames,  tangye 
frames,  or  rolling  mill  frames  of  our  patented  design.  The  Standard 
Murray  Corliss  is  a  girder-frame  engine  built  in  capacities  ranging  from  50 
to  600  indicated  horsepower.  Tandem  and  cross-compound  engines  are 
built  for  any  load  required. 

CONSTRUCTION  DETAILS 

Material  and  workmanship  are  cf  the  bcit  and  inspection  is  most  rigid 
at  every  stage  of  construction.  Governor  is  of  high-speed  ball-bearing 
type,  with  improved  safety  stops.  Cylinder  has  exhaust  passages  insu- 
lated from  cylinder  by  dead  air  space.  Valves,  valve  motion,  dash  pots  and 
piston  are  all  of  improved  patterns.  Fly  wheels  made  in  halves,  free  from 
initial  strains.     Pillow  block  vertically  adjustable  with  oil-retaining  rim. 

Broad  pyramidal  main  bearing  and  cylinder  feet  or  sole  plates.  Con- 
necting rod  and  cross  head  are  of  improved  pattern  and  the  clearance 
volume  has  been  reduced  to  a  minimum.     Many  working  parts  are  ground. 


Standard  Murray  Corliss  Engine 


Murray  Rolling  Mill  Type  Engine 
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Engines  and  Boilers 


MURRAY-MINOR  CORLISS  ENGINE— 20  to  50  H.  P. 

Suitable  for  day  loads  in  small  electric  plants  and  for  the  smaller 
mills  and  factories 


MURRAY  SAFETY  WATER  TUBE  BOILER 

Our  boiler  consists  of  one  or  two  top  drums  with  front  and  rear  headers 
all  entirely  constructed  of  boiler  plate,  with  a  number  of  wrought  tubes 
connecting  the  headers.  The  drums  incline  to  the  rear,  and  headers  are 
carefully  and  strongly  riveted  to  drums,  the  tubes  being  expanded  into 
both  headers. 

Free  circulation  of  water  and  steam  is  provided  for  by  having  all  con- 
nections of  ample  size.  An  internal  mud  drum  is  provided  for  removing 
impurities  from  the  water,  this  drum  Ijeing  provided  with  necessary  blow- 
off  cocks.  Our  boilers  are  inspected  and  insured  by  boiler  insurance  com- 
panies. 

The  setting  is  designed  upon  proved  lines  of  construction  which  an  ordi- 
nary mason  can  execute  properly.     Murray  rocking  grates  are  furnished. 


Murray  Water  Tube  Boiler 


r.n 


Steam   Engines 


KOirr.  WKTIIEKILL  cV  CO.,  Iiic 

CHESTER,  PENNA. 

Established  1872. 
CORLISS  RELEASING  GEAR  ENGINES 

Ail  sizes,  and  special  design  for  any  condition  of  work. 

CORLISS  PUMPING  ENGINES 
ELEVATORS,  Passenger  and  Freight,  Hydraulic  Plunger. 


CONSTRUCTIONAL  FEATURES 

Cylinders  are  made  of  best  quality  iron,  having  hrnl  close-grained  wearing 
surfaces.  The  steam  ports  are  large  and  direct,  with  large  exhaust  openings, 
and  have  the  smallest  clearances  consistent  with  safe  operation.  The  valve 
seats  are  bored  out  i)erfectlv  true  with  special  tools  and  the  valves  accui'ateh- 
fitted. 

Self  Packing  Piston.  Piston  head,  special  design  and  ribbed,  giving  the 
re(iuired  strength  with  about  one-half  the  weight,  thus  reducing  the  wear  on 
bottom  of  cylinders,  flings  are  cut  in  segments  lapping  each  other,  to  break 
joints.  Elliptic  German  silver  rings  are  attached  to  each  segment.  Their  elas- 
ticity I'emains  intact,  as  th(>y  are  not  affected  by  the  heat,  and  do  not  corrode. 

Valve  Gear.  Gravity  Releasing  Geai'  for  rotative  speed  up  to  200  R.P.AI. 
Tills  has  been  reduced  to  the  sini])lest  form;  all  parts  are  exposed  to  view  and 
accessible  whik?  th(?  engine  is  in  operation.  Its  operation  is  cjuiet,  quick  and 
sensitive,  with  no  a))preciable  effort  on  tlie  pai't  of  the  governor  in  making  detacli- 
nicnt   for  ;dl  points  of  cut  olT. 

Guides,  iiored  type,  having  ample  strength  to  resist  all  strains  withiiul 
deflect  ion. 

Engine  Frame.  Heavy  duty  tangv(>  type,  with  broad  bearing  surfaces  to 
I'cst  on  foundations. 

Guides.  Bored  type,  having  ample  strength  to  resist  all  strains  wit h.out  deflec- 
tion. 

Main  Bearing.  In  four  parts.  Wedge  adjustment  used  throughout,  with 
interlocking  liner  plates.  I^ined  over  entire  surface  with  Babbitt  metal.  Pro- 
vided with  suitable  chaimels  for  lubrication  ant!  for  draining  off  oil. 

RANGE  OF  SIZES  AND  POWER. 

Corliss  Engines  are  built  in  consistent  sizes  ranging  from  .lO  H.P.  to  3,000 
II. P.     Simple  non-condensing,  and  Compound. 

Estimates  will  be  furnished  for  constructing  special  engines  for  any  service. 
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Hot  Air  Engines 

RlDEll-ERICSSON    ENCilNE   COMPAxNY 

NEW  YORK        BOSTON       PHILADELPHIA        MONTREAL 
SYDNEY,  AUSTRALIA 

"REECO"  RIDER  HOT-AIR  PUMPING  ENGINES.    "REECO"  ERICSSON  HOT  AIR 
PUMPING  ENGINES.      "REECO"  ELECTRIC  PUMPS. 


THE  "REECO' 


RIDER  HOT-AIR  PUMPING 
ENGINE 


'Reeco"  Rider  Hot-Air 
Pumping  Engine 


Is  e.specially  adapted  for  somewhat  heavy  dome.stic 
work  where  water  has  to  be  pumped  from  deep  wells  or 
forced  to  a  great  height.  It  uses  every  kind  of  solid  and 
licjuid  fuel.     More  than  20,000  in  operation. 


THE  "REECO"  ERICSSON 

HOT-AIR 

PUMPING  ENGINE 

(Invention  of  Captain  John  Ericsson) 
Is     especially      adapted     for 

lighter  work  such  as  pumping 

for   seashoi'e   or   suburban    C(jt- 

lages,  hotels,  etc. 

About  30,000  in  operation. 
The  simplest  known  form  of 

power  pump.     Uses  all  kinds  of 

liquid  and  solid  fuel. 


THE   "REECO" 

CENTRIFUGAL 

PUMP 

Made  for  both  motor  and 
belt  drives,  provided  with  out- 
board, ring-oil  bearings,  with 
removable  bushings  and  flanged 
machined  couplings. 

Catalogues  in  English,  French, 
German,  Portugue.se  and  Span- 
ish. 


'Reeco"  Ericsson  Hot-Air  Pumping  Engine 


"Reeco"  Centrifugal  Pump,  Motor  and  Belt  Drive. 
(Legs  shown  in  cut  are  used  only  in  connection  with 
i"  motor  driven  pump.) 
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Oil  Kngines 


THE  BESSEMER  GAS  ENGINE  CO. 

GROVE  CITY,  PA. 

BUILDERS  OF  BESSEMER  CRUDE  OIL  ENGINES,  BESSEMER  GAS  ENGINES,  BESSE- 
MER KEROSENE  ENGINES,  BESSEMER  DIRECT  GAS  ENGINE  DRIVEN  AIR  AND  GAS 
COMPRESSORS,  BESSEMER  DIRECT  DRIVEN  PUMPS,  BESSEMER  BELT  DRIVEN 
COMPRESSORS,  BESSEMER  REVERSE  CLUTCHES.  BUILDERS  OF  COMPLETE 
POWER  PLANTS. 


The  Bessemer  Crude  Oil  Engine,  Single  Cylinder. 


THE  BESSEMER  GAS  AND  CRUDE  OIL  ENGINES 

2  H.  p.  to  350  H.  P. 

Bessemer  Gas  Engines  are  two 
stroke  cycle  receiving  a  power 
impulse  every  revolution  of  the 
crank  for  each  cylinder  used.  A 
single  cylinder  Bessemer  equals 
in  power  impulses  a  two  cylinder 
four  stroke  cycle  engine,  accom- 
plishing the  same  or  better  re- 
sults with  less  than  half  the 
usual  number  of  parts.  The  two 
cylinder  Bessemer  equals  the 
steam  engine  in  impulses  per 
revolution  and  gives,  with  the 
throttling  governor  used,  a  regulation  not  excelled.  The  Bessemer  is  thus 
Ijcculiarly  adapted  to  electric  light  and  power  work  or  any  installation  in 
which  steady  operation  is  a  factor. 

Bessemer  Crude  Oil  Engines  operate  on  crude  oil,  fuel  oil,  solar  oil,  and  low 
gravity  distillates.  They  are  engines,  without  magnetos,  sparker  or  batteries 
and  operate  smoothly  and  continuously  without  dei)Ositing  carbon  in  combus- 
tion chamber. 

Bessemer  Engines  are  entirely  distinct  and  different.  They  are  built  with  en- 
closed crank  case,  with  a  crosshead,  obviating  the  wear  on  cylinder  which  occurs 
in  the  trunk  piston  type  of  engine;  have  no  valves  exposed  to  the  force  and  heat 
of  exploding  gases,  hence  no  regrinding  or  valve  troubles;  splash  and  mechanical 
f(jr('e  feed  lubrication,  direct  geared  throttling  governor,  extra  heavy  and 
strong  ])arts,  wide  adjustability  for  wear,  making  a  strictly  high  gi'adc 
(Migine  that  is  securing  the  gas  engine  business  wherever  introduced. 

Bessemer  Engines  are  not  experi- 
mental, there  being  over  11,000  in 
daily  use.  Single  cylinder',  twin  cyl- 
lindcr   and    twin   cylinder   opposed 

types. 

Send  for  catalogues.  Blue  Book  of 
Bessemer  Buyers  and  ask  to  be 
placed  on  mailing  list  to  receive  the 
Bessemer  Monthly  and  Monthly 
Art  Calendars  as  issued.  Twin  Cylinder  Bessemer  Gas  and  Crude  Oil  Engine 
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Oil  Engines 

DE  LA  \  ERGNE  MACHINE  CO. 

1123  EAST  138th  STREET         -         -  NEW  YORK  CITY 

DE  LA  VERGNE  CRUDE  OIL  ENGINES 
GAS  ENGINES  ICE  MACHINES 


TYPE  "FH"  CRUDE  OIL  ENGINE 


GUARANTEED: 

To     nporato    on     the    ohoapcst  { 

and  hoaviest  grades  of  jietroleum 
and  crude  oils,  including  those 
from  the  California  and  Texas 
fields  with  an  asphaltum  base. 
To  deliver  the  full  rated  Brake 
Horse  Power  not  only  at  sea 
level  but  up  to  5000  ftfaltitude. 
To  consume  not  more  than  the 
following  quantities  of  fuel  per 
BHPhour:— 

When  running  at  ^  to  full  load 0.6     lbs. 

atKtoM      "     0.65     " 

atMto^      "     0.75     " 

Operates  at  medium  pressures. 

Not  more  than  IJ^  gallons  of  lubricating  oil  per  1000  BHP  hours  ordinarily 

required. 

Not  more  than  3  gallons  of  cooling  water  necessary  per  BHP  hour. 

Reliable  and  satisfactory  service  with  minimum  expense  for  upkeep. 

^Manufactured  in  sizes  of  90  HP.  and  over. 

Type  "FH"  engines  aggregating  15000  HP.  in  operation. 

Detailed  information  in  bulletin  No.  112. 

TYPE  "HA"  OIL  ENGINE 

GUARANTEED: 

^^  To     operate     satisfactorily     on 

f  r'l.'/''~^'^B<iy  '^"'WJ^ISB^M    ^^t[        ordinary    grades     of    distillates 
_I_dW*^HSi     .^JeSm^^Bfm       ■!        and  fuel  oils.      To  dehver  the 

full  rated   Brake  Horse   Power. 
To  consume  not  more  than  the 
m  fijar-LMi^Mrps^w    ^^m^^^  ^m        following  amotmts  of  fuel  per 
^--^^ffiPV^^Ik  wVHJr  BHPhour: 

When  rum  Jng  at  full 

load 1         lbs. 

_  When  running  at  ^4 

load 1.12     " 

When  running  at  '  2  lo^id 1 .  35 

In  sizes  from  10  HP.  to  100  HP. 

For  detailed  information  see  bulletin  No.  111. 

Both  types  are  adapted  to  and  used  in  all  dassc-s  of  service  where  reliability  is  of 

importance  in  addition  to 

Low  Cost  of  Operation. 
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oil  Engines 


AUGUST  MIETZ  IRON  FOUNDRY  & 
MACHINE  WORKS 


123  MOTT  ST., 


NEW  YORK 


OIL  ENGINES,  MARINE  AND  STATIONARY,  DIRECT  COUPLED  OR  BELTED  TO 
GENERATORS;  AIR  COMPRESSORS;  PUMPS;  HOISTS. 


THE  MIETZ  &  WEISS  OIL  ENGINES 

Stationary  and  Marine,  2  to  600  h.p.     Direct  Reversible  Marine  Engines 

75  to  600  h.p. 
Over  200,000  h.p.  in  Operation 


These  engines  are  operated  at 
moderate  compression  pressures 
and  medium  speeds,  consuming 
approximately  one  gallon  of  crude 
oil  or  otlier  fuel  per  ten  horse- 
power hours,  at  a  cost  of  three 
cents.  The  smaller  sizes  gener- 
ally run  with  kerosene. 


'i    i..%ik   r' 


lliey 
either  d 


are 
ircc 


They  are  two-cycle  heavy  duty 
engines,  extremely  simple,  and, 
equipped  with  our  steam  cooling 
system,  the  reliability  and  dura- 
bility is  equal  to  the  modern 
steam  engine.  The  steam  gen- 
erated in  the  water  jacket  of  the 
cylinder  enters  the  combustion 
space  and  is  comprf'ssed  with  the 
cliarge. 

used  fur  all  power  jjurposes,  pumping  and  electric  light  plants, 

t  or  belted  to  generators,  opei'ating  in  parallel. 


mf 


'■ST  1  F  r 


w 


The  Direct  Reversible  Marine  En  - 
gines  are  rigidly  connected  to  the 
propeller  shaft,  without  fly  wheel 
and  fitted  with  the  S  &  W  Air  Dis- 
tributor. They  are  controlled  by  a 
lever  to  step  or  start  the  engine  in 
either  direction  by  compressed  air 
through  most  reliable  and  positive 
mechanism. 


04 


Gas  Engines  and  Producers 


THE  OTTO  GAS  ENGINE  WORKS 

HOIME  OFFICE  AND  WORKS,  PHILADELPHIA,  PA. 

NEW  YORK        CHICAGO        CINCINNATI        KANSAS  CITY 

"OTTO"  ENGINES  ARE  DESIGNED  TO  OPERATE  ON  CITY  OR  NATURAL  GAS,  PRO- 
DUCER GAS,  GASOLINE,  DISTILLATE  AND  ALCOHOL.  ADAPTED  FOR  ALL  POWER 
PURPOSES  — PUMPING  PLANTS —  STATIONARY  AND  PORTABLES,  HOISTING  RIGS, 
HIGH  AND  LOW  VOLTAGE  ELECTRIC  LIGHTING  PLANTS.  DIRECT-GEARED  AIR 
COMPRESSORS.  STATIONARY  AND  PORTABLES.  HEAVY  DUTY  ENGINES  FOR 
MANUFACTURING  INDUSTRIES. 


Otto  Suction  Gas  Producer  and  Latest  Throttling  Governor  Engine 


THE  OTTO  SUCTION  GAS  PRODUCER 

The  "  Otto  "  Suction  Gas  Producer  converts  the  energy  of  anthracite  coal,  char- 
coal, or  coke  into  producer  gas  or  semi-water  gas,  containing  a  certain  amount 
of  carbon  monoxide  and  hydrogen,  and  having  a  heating  value  of  approximately 
130  to  140  B.T.U.  per  cu.  ft.  The  loss  due  to  purifying  and  cooling  of  the  gas, 
etc.,  is  only  about  20  per  cent,  so  that  80  per  cent  of  the  total  heating  value  of 
the  fuel  is  available  for  power  or  heating  purposes,  as  against  about  15  to  20 
per  cent  in  the  average  steam  plant. 

The  complete  producer  consists  of  three  cylindrical  tanks;  one  being  the  pro- 
ducer projxT  containing  the  fire  and  carrying  at  the  top  the  evaporator  or  moist- 
ener;  the  second  is  the  scrubber  filled  almost  to  the  top  with  coke,  and  the  third 
is  the  gas  receiver  which  acts  as  a  small  storage  tank  for  the  finished  gas. 

All  precautions  have  been  taken  to  make  "Otto"  Gas  Producers  and  Gas 
Engines  absolutely  safe  and  reUable  and  they  are  hsted  and  approved  by  the 
National  Board  of  Underwriters. 

ECONOMY 

When  using  coal  of  suitable  quality  the  fuel  consumption  is  guaranteed  not 
to  exceed  1^  lb.  per  brake  h.  p.  per  hour  during  full  load  runs.  Actual 
practice  has  shown  considerably  more  favorable  results,  as  we  have  records  of 
many  large  plants  operating  on  less  than  one  lb.  per  h.  p.  hour. 

"Otto"  horizontal  engines  are  built  in  all  sizes  from  4  to  300  h.  p. 

Bulletins  No.  10  and  24  furnish  complete  information.     Mailed  upon  request. 
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Gas  Producers 


THE   SMITH   GAS  POWER  COMPANY 

LEXINGTON,  OHIO. 

GAS  PRODUCERS  FOR  POWER  AND  HEATING,  SUCTION  AND  PRESSURE  TYPES. 
SPECIAL  DESIGNS  FOR  ANTHRACITE,  BITUMINOUS  AND  LIGNITE  COAL.  TAR 
EXTRACTORS    AND    GAS    CLEANING    PLANTS. 


STANDARD  APPARATUS  IS  BUILT  IN  THREE  TYPES:  B,  C  AND  E. 
Type  B.  Built  in  nine  sizes.     From  50  H.  P.  to  300  H.  P.  for  Bituminous  Coal 
Type  C.      "      "      "        "  "      50      "       "   300      " 

Type  E.      "      "  eleven  "  "      25      "       "   300      " 


Lignite  Coal. 
Anthracite  Coal. 


SPECIAL  FEATURES  OF  THE  DIFFERENT  TYPES 

Type  B  Prodiu-ers  are  up-draft  equipped  with  mechanical  scrubbers.  The 
design  is  sucth  that  in  usual  practise  the  tar  made  is  not  more  than  1  to  3%bj' 
weight  of  the  coal  burned. 

Type  C  Producers  are  down-draft  equipped  with  mechanical  scrubbers.  The 
design  is  such  that  nearly  all  of  the  volatile  contained  in  the  lignite  is  converted 
into  a  fixed  gas.  Not  necessary  to  shut  down  for  cleaning.  One  600  H.  P.  plant 
lias  been  in  oi)eration  two  years  witliout  drawing  the  fire. 

Type  E  Producers  are  ui)-draft  equipped  with  static  baffle  scrubbers. 

SPECIAL  FEATURES  COMMON  TO  SMITH  PRODUCERS  OF  ALL  TYPES 

Patented  automatic  method  of  i-egulating  the  ratio  of  steam  to  air  in  the  blast 
at  all  loads. 

Flat  swinging  grates  in  smaller  sizes — Shaking  grates  mechanically  operated 
in  larger  sizes.    Special  facilities  provided  for  removing  ash  from  center  of  fire. 

Low  driving  rate  per  sq. 
ft.  of  grate  area  so  that  the 
temperature  of  the  fire 
will  not  reach  the  fusing 
point  of  the  ash. 

Deep  fuel  bed  enables  the 
producer  to  respond  to 
sudden  fluctuations  in  load. 

Large  fuel  magazine  ob- 
viates the  necessity  of  hv- 
quent  charging. 

Charging  Hopper  design 
that  prevents  the  admission 
of  air  to  the  top  of  the  \)yo- 
ducer  while  charging. 

The  Static  Baffle  Scrub- 
ber is  efficient,  compact,  and 
"fool  proof." 

P  a  t  e  n  t  e  d  self-cleaning 
producer  gas  valves. 

Piping.  All  connections 
to  shells  are  made  with 
solid  cast  iron  flanged  sad- 
dles riveted  in  place.  Flang- 
ed fittings  are  used  through- 
out. Flanges  are  made  up 
I)ermanently,  the  pipe  being 
expanded  and  beaded  into 
the  flanges. 

Special  hot  water  boiler 
placed  in  the  engine  exhaust 
line  acts  as  a  silencer  and 
fiu'nishes  moisture  for  the 
blast.  Extra  large  boilers 
can  be  furnished  in  case  hot 
water  is  wanted  for  heating 
buildings. 

Exhausters  and  automatic  pressure  regulators  furnished  when  it  is  desired  to 
deliver  gas  imder  pressure  to  engines  or  for  heating. 


Smith  Type  B  Suction  Producers  to  operate  on  bituminous  fuel 
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Boilers  and  Coo  liny   Towers 


EDWIN  BURHORN  COMPANY 

1  WALL  STREET  NEW  YORK  CITY 

WATER  COOLING  TOWERS.      RIVETED  PIPE. 
INTERNALLY  FIRED  BOILERS. 


BURHORN  AND  ACME  COOLING 
TOWERS 

The  tower  illustrated  herewith  is  of  the 
ojien  type,  as  the  majority  of  plants  are  so 
designed  that  this  type;  will  show  maximum 
etfieieney.  ^^'e  are  prepared,  however,  to 
furnish  coolinp;  towers  of  the  closed  type  em- 
bodying all  the  economical  characteristics  of 
the  open  towers,  but  provided  with  stacks  for 
natural  draft  or  equipi)ed  with  fans  for  forced 
draft. 

VALUE  OF  COOLING  TOWERS 
In  any  installation  requiring  water  for 
cooling  purposes  a  cooling  tower  is  a  valuable 
adjunct  and  a  source  of  economy,  unless 
there  is  available  an  abundant  supply  of  cold, 
clean,  pure  water. 

In  many  cases  the  use  of  water  from  the 
city  supply  would  be  perfectly  satisfactory 
were  it  not  for  the  excessive  cost.  By  install- 
ing our  cooling  tower,  however,  only  2%  to 
o^  of  the  water  otherwise  necessary  will  be 
required,  and  the  cost  of  the  supply  is  reduced 
proportionally. 

CONSTRUCTION 

Our  towers  are  built  of  steel  throughout  and 

are  practically  indestructible.     All  parts  are 

in  plain  sight  and  are  readily  accessible  for 

inspection,  cleaning,  painting,  etc. 

Catalog  on  request. 


End  View  Cross  Section 

INTERNALLY  FIRED  BOILER 
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Water  Cooling  lower 
INTERNALLY  FIRED 
BOILER 

This  type  of  boiler  is  com- 
pact, requires  little  head 
room  as  compared  with  other 
types  of  boiler,  and  recent 
tests  have  proved  it  as 
efficient  and  as  suitable  for 
high  pressures  as  any  type 
of  water  tube  boiler."  This 
type  of  boiler  requires  no 
brick  setting,  and  has  no 
water  legs  or  other  restricted 
place  to  become  clogged  with 
.sediment.  Every  part  of  the 
interior  is  readily  accessible 
and  may  be  kept  in  a  high 
state  of  efficiency. 

Manufactured  in  seven 
standard  sizes  ranging  from 
75  to  300  h.  p.  Special  sizes 
designed  to  meet  special  con- 
ditions. 

Catalog  on  request. 

RIVETED  STEEL  PIPE 

The  most  apparent  advan- 
tages of  Riveted  Pipe  over 
Cast  Iron  in  large  sizes  are' 

Uniformity  in  thickness 
and  material. 

Absence  of  Blow  holes. 

No  shrinkage  strains. 

Decreased  freight  and  haul- 
age charges. 

Cheapened  erection  and 
handling  cost. 

Less  resistance  to  flow  of 
contents. 

Safety  from  damage  due  to 
hidden  defects. 

Catalog  on  request. 
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edc;e  moor  iron  company 

EDGE  M0(3R,  DELAWARE 
WATER  TUBE  BOILERS 


Manufacturers  of  Water  Tube  Boilers,  in  four  sections,  consisting  of  front 
and  back  headers,  drums  and  tubes.  The  construction  of  headers  and  their 
connection  to  drums  is  designed  to  avoid  contraction  of  circulation  at  those  parts. 


Battery  of  6  4-Drum  Edge  Moor  Water-Tube  Boilers  in  course  of  erection. 
W.  Va.  Pulp  &  Paper  Mill,  Covington,  W.  Va 

Surfaces  and  storage  capacity  is  large  and  the  boiler  responds  quickly  to  unusual 

demands  and  maintains  a  steady  water  hne.    Passing  of  gases  may  be  arranged 

in  several  ways  and  any  type  of  stoker  or  grate  may  be  used.    A  sliding  hearth 

plate  facihtates  cleaning   fires.      Superheaters   may-  be   connected    in    several 

ways  and  are  designed  to  require  httle  attention  and  no  flooding.     They  add 

nothing  to  the  width  of  setting.     We 

are  prepared  to  build  boilers  from   6 

t  ubes  wide  up  to  30  tubes  wide  and  G  to 

16  tubes  high,  from  1  drum  up  to  5 

drums    and    tubes    18'    to    20'    long. 

Typical  Setting  with  IS-foot  tubes  has 

length  over  all  of  20'10>^".     Length 

of  Furnace  may  vary  in  length  from 

GO"  to  144".    Width  of  Furnace  may 

vary   per   column   A   of   table   below. 

Height  of  Setting  varies  from  ll'-lO" 

up  to  20'-9"  overall.     To  determine 

width  of  setting  for  given    H.  P.  add 

to    dimension   from   Col.  A   17"  each 

for  side  walls  and  26"  for  partition  in 

double  setting.     Add  6"  each  side  for 

buckstays.    Tubes  draw  front  or  rear.  Exterior  view  of  hand-hole  plate  of  header. 

TABLE  GIVING  RANGE  OF  NOMINAL  H.P. 
For  Different  Widths  of  Setting 


A 

Horse  Power 

A 

Horse  Power 

4'  5" 

100  to  210 

12'  1" 

270  to  600 

5'  Q\ 

115  "  240 

12'  9" 

285  "  630 

5'  8" 

i25  "  270 

13'  4r 

300  "  660 

6'  4" 

140  "  300 

14'  0" 

315  "  700 

6'  n\' 

155  "  340 

14'  8' 

335  "  730 

rih' 

170  "  375 

15'  ZY 

350  "  760 

8'  3" 

180  "  405 

15'  iir 

360  "  790 

8'  lor 

200  "  435 

16'  r 

375  "  820 

9'  or 

215  "  465 

IT  2\' 

395  "  850 

10'  2' 

230  "  505 

17'  Wi" 

410  "  880 

10'  9i' 

245  "  535 

18'  6" 

425  "  915 

11'  5J' 

260  "  565 

19'  2" 

435  "  945 
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E.  KEELER  COMPANY 

Established  1864 

WILLI AMSPOHT,  PA. 

New  York  Boston  Philadelphia  Pittsburgh  Chicago 

WATER  TUBE  AND  TUBULAR  BOILERS,  STEEL  PLATE  WORK 


Standard  Type  Water  Tube  Boiler 


WATER  TUBE  BOILERS 

standard  Type 

The  aiTang(uiicnt  of  furnace,  tubes,  header;-' 
and  drum  in  the  Keeler  Water  Tube  Boiler  is 
efficient,  accessible  and  compact.  The  superior 
efficiency  of  the  Keeler  Boiler  rests  upon  correct 
jiroportions  of  heating;  and  grate  surface  for  the 
character  of  fuel  to  be  burned,  ample  height  of 
furnace,  a  superior  ax'rangement  of  baffle  walls 
and  a  perfect  circulation.  Every  portion  of  the 
heating  surface  is  accessible  for  both  external  and 
internal  inspection,  making  it  impossible  for  soot 
or  scale  to  accumulate  undetected.  There  is  am);)le  room  between  tubes  and  drum 
for  inspection  or  repairs.  Special  side  cleaning  doors  make  it  possible  to  observe 
the  condition  of  the  outside  surface  of  the  tubes.  There  is  no  part  of  the  interior 
surface  that  cannot  be  examined  and  cleaned. 

Keeler  Water  Tube  Boilers  are  usually  built  complete  and  tested  in  the  shop. 
This  reduces  the  cost  of  erection,  as  the  boilers  are  handled  as  a  unit.  It  also 
eliminates  the  dangers  due  to  cffreless  assembling  of  boilers  in  the  field  and 
makes  the  erection  merely  a  matter  of  placing  in  position  and  attaching  fittings. 

Boilers  of  500  H.  P.  and  more  must  be  shipped  in  a  knocked  down  condition. 
We  are  prepared  to  send  erecting  engineers  to  any  part  of  the  country  to  rivet 
the  drums  to  the  headers,  expand  the  tubes  and  test. 

WATER  TUBE  BOILERS 

Cross  Drum  Type 

The  Keeler  Cross  Drum  Water  Tube  Boiler  is  a 
modification  of  the  standard  design,  only  in  the 
length  and  location  of  the  drum  and  the  method  of 
connecting  it  to  the  headers.  This  type  was 
developed  to  meet  the  demand  for  a  high  grade 
water  tube  boiler  that  could  be  installed  in  Office 
Buildings,  School  Houses,  Churches,   Apartment 

Houses,  Hotels  and  boiler  rooms  generally  where  cross  Drum  Type  Water  Tube  BoUer 
ceiling  height  is  limited  or  where  the  boiler  must 
be  introduced  through  narrow  passageways  or  restricted  openings. 

The  pressure  parts  of  the  boiler  are  shipped  in  a  knocked  down  condition, 
making  it  possible  to  install  it  without  cutting  through  walls  and  floors  in  loca- 
tions that  would  be  wholly  inaccessible  for  almost  any  other  type  of  boiler. 
If  boilers  are  to  be  exported,  the  cross  drum  boiler  can  be  handled  at  much 
less  expense  by  steamship  companies  on  account  of  its  reduced  bulk  in  a  knocked 
down  condition,  and  the  comparatively  small  weight  of  the  heaviest  piece. 

HORIZONTAL   RETURN    TUBULAR  BOILERS 

\\'e  recommend  that  all  Tubular  Boilers  except 
Boilers  of  100  horse  power  and  below,  for  low  pres- 
sure heating  purposes  only,  be  built  with  butt  strap 
longitudinal  seams  to  be  double,  triple  or  quadruple 
riveted  as  required  by  size  and  pressure.  No  boiler 
of  lap  riveted  construction  should  be  considered  for 

power  purposes;  The  small  saving  in  the  cost  of  Horizontal  Return  Tubular  Boiler 
the  bare  boiler  is  not  justified  when  compared  with  the  total  cost  of  boiler  and 
fixtures  installed.  Keeler  Return  Tubular  and  Internally  Fired  Boilers  are  well 
and  favorably  known.  The  same  care  that  has  always'  been  used  in  their  con- 
struction combined  with  the  most  modern  methods  and  equipment  keeps  our 
boilers  in  the  class  of  the  very  best. 

Ask  For  New  Water  Tube  Catalogue 
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HEINE  SAFETY  BOILER  COMPANY 

ST.  LOUIS,  MO. 

SHOPS:  St.  Louis,  Mo.  Phoenixville,  Pa. 


New  York 
Cincinnati 


St.  Louis,  Mo. 
Boston 
Chicago 
Pittsburgli 


Philadelphia 
New  Orleans 


HEINE  SAFETY  WATER  TUBE  BOILERS,   HEINE  PATENT  STEAM  SUPERHEATERS 
STEEL  STACKS,  HOUSINGS,  FLUES,  ETC. 


THE  HEINE  BOILER 


The  Heine  Boiler  consists  of  three  parts:  the  drum  or  shell,  the  front  and  rear   headers  and 
the  tubes. 

The  partially  consumed  gases  rising  from  the  fuel  bed  are  completely  burned  in  the  combus- 
tion chamber  under  the  fire  brick  baffle  placed  on  the  lower  row  of  tubes 
and  then  pass  parallel  to  the  boiler  tubes  from  the  rear  to  the  front 
(if  the  boiler,  and  finally  over  the  upper  baffie  and  under  the  shell 
and  up  the  stack. 

The  water  is  fed  into  the  mud  drum  where  the  sludge  is  cleposited 

and  readily  blown  out.     The  water  rises  out  of  the  drum  a."  it  is  heated 

and  circulates  down  the  rear   header   through   the   tubes  and  up  the 

front   hca(li'r.     A  free  jiassagewa.y  for  the  steam  and  water  is  provided 

by  the  large  throat  area  at  the  junction 

of  the  boiler  shell  and  tlie  headers.     This 

,,_^  construction  is  sliown  at  the  left  and  is  to 

lie  contrasted  with  those  types  of  boilers 

111  which  the  water   circulation  is  badly 

eongested. 

This  large  throat  area  means  dry 
steam,  because  the  velocity  of  the 
steam  is  low,  and  therefore  its  capacity 
for  carrying  water  is  a  minimum.  Dr.v 
steam  is  further  insured  b.v  providing  a 
separator  within  the  boiler.  The  steam 
must  make  a  complete  turn  around  the 
deflection  plate,  which  may  be  seen  in  the 
illustration  and  it  must  make  another  com- 
plete turn  in  passing  through  the  dry  pan. 
For  further  information  regarding  mod- 
ern boiler  practice,  and  the  efficiency  of 
the  Heine  Boiler,  send  for  "Boiler  Logic" 
and  our  book  "Helios." 
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HEINE  SAFETY  BOILER  COMPANY 

THE  HEINE  SUPERHEATER 


The  Heine  Superheater  may  be  installed  with  any  type  of  boiler  in  new  or  old  installations. 
It  consists  of  a  header  box  into  one  side  of  which  are  inserted  U  tubes  made  of  IH"  seamless, 
drawn  mild  steel  tubing,  expanded  into  holes  provided  for  them.  The  interior  of  the  box  is  divided 
into  three  compartments,  .so  that  the  steam  makes  three  passes  through  the  superheater. 

The  Heine  Superheater  is  designed  (a)  to  give  close  regulation  of  superheat,  (b)  to  permit 
adjustment  of  the  degree  of  superheat  at  any  time,  (c)  to  give  niaximum  capacity  per  square  foot 
of  superheater  surface,  and  (d)  to  give  high  efficiency  in  utilization  of  heat  in  the  fuel.  (It  should 
be  borne  in  mind  that  with  all  types  of  superheaters,  regardless  of  their  construction  or  method  of 
installation,  the  superheating  is  secured  from  the  heat  in  the  combustion  gases  and  represents 
fuel  burned.) 

The  Heine  Superheater  is  installed  above  the  water  line  and  to  one  side  of  the  drum,  and 
receives  its  heat  from  a  small  flue  built  in  the  side  wall  of  the  setting,  which  carries  hot  gases 
direct  from  the  furnace  to  the  superheater  chamber,  where  they  make  two  passes  around  the 
superheater  tubes.  The  ciuantity  of  hot  gas  is  controlled  (automatically  or  by  hand)  by  a  damper 
at  the  outlet  of  the  superheater  and  the  temperature  of  the  steam  may  be  regulated  to  within  5° 
of  any  desired  figure. 

In  the  Heine  Superheater  large  superheating  capacity  is  secured,  because  the  average  tem- 
perature of  the  hot  gases  giving  up  heat  to  the  superheater  is  about  1500°,  whereas,  with  the 
ordinary  .superiieater  installed  in  the  path  of  the  combustion  gases  after  the  first  pass  of  the 
boiler,  the  average  temperature  of  the  gases  is  in  the  neighbor- 
hood of  900,  so  that  the  temperature  difference  or  heat  head 
causing  the  flow  of  heat  from  the  gases  to  the  steam  is  somewhere 
around  400°,  as  compared  to  1000°  with    the   Heine  Superheater. 

As  the  heat  transmitted 
through  a  square  foot 
of  superheater  surface 
is  proportional  to  the 
temperature  difference, 
it  follows  that  each 
square  foot  of  Heine 
Superheater  surface  has 
about  double  the  ca- 
pacity of  the  ordinary 
type. 

The  location    of   the 
Heine  Superheater  has 
certain  other  important  advantages. 
Being    above    the    water  line   and 
having    no    connection    below    the 
water  line,  no  flooding  of  the  super- 
heater   is    necessary,    and  the  ac- 
cumulation of  mud  and  scale  on  the  interior  surfaces  of  the  superheater 
is  prevented.  Furthermore,  the  superheater  is  at  all  times  accessible  for 
inspection  and  cleaning,  so  that  the  surface  may  be  kept  clean.     For 
further  details  send  for  "Superheater  Logic"  and  "Helios." 
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JOHN  O'BRIEN  BOILER  WORKS  CO. 

ST.  LOUIS,  MO. 

WATER  TUBE,  TUBULAR,  FIRE-BOX  AND  INTERNALLY  FIRED  BOILERS.  IMPROVED 
O'BRIEN-HAWLEY  DOWN  DRAFT  FURNACES.  SMOKE  STACKS,  TANKS  AND  SHEET 
IRON  WORK. 


WATER-TUBE  BOILERS        -r 

Design  B.    Vertical  BaflSe 

The  boilei'  consists  of  one 
or  more  steam  and  water 
drums  to  which  is  securely 
riveted  a  front  and  rear  water 
leg  or  header.  The  drums  are 
l^erfectly  level  when  the  boiler 
is  in  position. 

The  tubes  are  expanded  into 
the  headers  in  straight  hori- 
zontal and  staggered  vertical 
rows  and  are  inclined  1"  to  the 
foot.  A  greater  pitch  can  be 
had  if  desired.  The  outside 
diameter  of  the  tubes  is  332"- 
We  can  furnish  the  4"  outside  diamet(>r  tubes  if  specified. 

To  meet  all  demands  we  build  our  boilers  with. either  the  vertical  or  horizontal 
baffle. 

We  also  manufacture  a  water  tube  boiler  with  the  drum  set  parallel  with  the 
tubes  which,  when  in  position,  shows  an  incline  of  1"  to  the  foot. 


THE  O'BRIEN-HAWLEY  IMPROVED  SMOKELESS  DOWN-DRAFT 

FURNACE 

Can  be  attached  to  any  design  of  boiler 

This  furnace  is  constructed  with 
two  sei^arate  grates,  one  above  the 
other.  The  upper  grate  is  formed 
of  a  series  of  tubes  opening  at  their 
ends  into  drums  or  manifolds 
through  which  the  water  of  the 
I'joiler  continually  and  rapidly  circu- 
lates. The  tubes  form  the  fire 
grate.  Air  for  combustion  enters 
through  fire  doors  near  the  top  of 
the  furnace. 

The  division  wall  at  the  back 
of  the  furnace  deflects  the  draft 
down  through  the  fire  upon  the 
upper  grate  and  over  the  fire  on 
the  lower  grate.  The  fire  on  the 
lower  grate  is  entirely  fed  by 
coked  coal  falling  from  the  upper 
grate  and  the  unconsumed  gases 
and  smoke  from  the  upi)er  fire 
are  efficiently  burned  by  the  lower 
fire. 
The  lower  grates  are  of  common  bars  accessible  through  flue  doors  for  clean- 
ing and  spreading. 
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THE  WICKES  BOILER  COMPANY 

SAGINAW,  MICHIGAN,  U.  S.  A. 

VERTICAL  WATER  TUBE  BOILERS;  HIGH  GRADE  RETURN  TUBULAR 

BOILERS 


These  boilers  are  designed  for  delivering  dry  steam,  for  very  easy  cleaning 
and  for  high  every-day  thermal  efficiency.  The  illustration  gives  a  clear  idea  of 
tlie  design,  which  consists,  primarilj",  of  upper  and  lower  drums  joined  by  perfectly 
straight  boiler  tubes. 

The  steam  drum  is  arranged  to  give  a  height  of  66"  from  water  line  to  the 
dished  head,  upon  which  the  steam  outlet  nozzle  is  riveted.  This  high  drum 
serves  several  ])uri:)oses.  It  provides  room  for  separation  from  the  steam  of 
water  which  is  always  entrained  with  steam  at  a  point  close  to  the  surface  of 
liberation;  it  gives  room  for  workmen  to  stand  inside  of  the  boiler  when  cleaning 
the  tubes,  and  since  the  shell  is  subject  to  a  mild  degree  of  heat  some  superheat 
is  effected  upon  the  steam. 

Two  12"  X  16"  manholes  open  this 
boiler,  it  is  accessible  from  top  to  bot  toni 
for  inspection  and  cleaning.  'V\\v  tubes 
are  straight;  every  tube  can  be  looked 
through,  washed  or  scraped.  The  i' 
lustration  shows  a  man  standing  erc^ct 
using  a  turbine  cleaner.  Is  it  laborious 
compared  with  the  work  in  ol  her  forms 
of  boilers?  Two  men  can  open,  turbin(>, 
close  and  fill  this  boiler  in  ten  hours. 

The  circulation  of  the  water  is  u]) 
the  front  tubes  and  down  the  rear. 
The  tube  area  is  made  equal  in  both 
sets  of  tubes  in  order  to  provide^  free 
circulation  both  for  water  and  steam. 
Steam  pockets  cannot  form  and  the 
arrangement  equalizes  heating  through- 
out the  boiler. 

The  blow-off  is  located 
at  the  very  lowest  point 
of  the  bottom  of  the  mud 
drum.  Feed  water  is  usu- 
ally introduced  into  the 
steam  drum  directly  into 
the  down-take  tubes  far 
below  the  water  line. 

The  furnace  is  of  the 
external  oven  type,  the 
grate  surface  being  entire- 
ly surrounded  by  highly 
heated  surface  in  order  to  avoid  chillnig  the  products  ot  combustion.  Any  type 
of  stoker  may  be  applied  to  the  furnace. 

The  gases  in  their  flow  from  furnace  to  outlet  are  compelled  to  sweep  over 
heating  surface  in  every  foot  of  their  travel;  every  foot  of  heating  surface  in  the 
boiler  is  swept  over  by  the  gases  in  their  travel.  The  gases  are  closely  enough 
confined  to  the  heating  surface  to  entirely  surround  and  cover  it,  as  well  as  estab- 
lish a  strong  scrubbing  action  of  gas  to  metal.  No  chance  for  gases  to  short- 
circuit  exi.sts.  No  chance  for  gases  to  enter  pockets  in  the  setting  unfilled  with 
heating  surface  exists.  A  very  long  gas  travel  is  provided.  The  design  provides 
for  the  very  best  heat  transfer  by  conduction  and  convection. 

The  tubes  being  vertical,  soot  and  dust  carried  on  gases  and  impurities  pre- 
cipitated from  the  water  fall  to  the  mud  drum,  where  easy  removal  is  provided 
for. 

The  boiler  is  constructed  of  the  very  best  homogeneous  steel,  made  by  the  open 
hearth  process.  The  highest  character  of  workmanship  known  to  the  art  at  the 
present  day  is  put  upon  these  boilers.  The  closest  scrutiny  and  mspection  by 
the  best  informed  on  this  workmanship  is  invited  and  requested. 


73 


Stokers 


DETROIT  STOKER  COMPANY 

DETROIT,  MICH. 
THE  DETROIT  STOKER 


Front  view  of  two  stokers  in  one  battery  to  be  operated  by  either  a  fully  enelosed, 

adjustable  speed,  double  engine  or  electric  motor,  as  preferred. 

Either  stoker  may  be  oiDerated  by  hand  when  desired. 

The  openings  through  the  front  admit  air  for  combustion.     Tlie  even  dislribu- 

tion  of  fuel  on  the  grates  insures  high  overload  and  good  efficiency. 


Rear  view  showing  the  double  arch  construction  used  when  the  stokers  are 
installed  with  the  ext(>nsion  setting.  Air  admitted  through  the  front,  under  con- 
trol, is  heated  between  the  arches  and  (>nters  through  openings  directly  over  the 
coking  coal  as  it  is  fed  from  the  coal  magazines  at  the  ui)per  end  of  the  grates  on 
both  sides. 

Each  alternate  grate  is  operated  by  links  connected  to  Ww  ojierating  bar  in  front 
and  have  a  slicing  motion  to  k(>ep  the  entire  bed  of  fire  moving  towards  the 
center  of  the  furnace.  The  movement  of  the  vibrating  grates  prevents  the 
clinkers  from  forming  on  the  grates. 

The  clinker  crushers  at  the  bottom,  having  a  continuous  motion,  grind  the  clin- 
kers and  deposit  the  refu.se  in  the  ashpit  below. 
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ILLINOIS  STOKER  COMPANY 

ALTON,  ILLINOIS,  U.  S.  A. 

MANUFACTURERS  OF  CHAIN  GRATE  STOKERS 


THE  ILLINOIS  STOKER 
COMPANY'S  GRATE  STOKER 

'I'lic  •icncral  view  vi  this  Stoker  is 
fiiven  in  the  ilhistratioii  herewith.  The 
void  is  supplied  to  the  traveling  grate 
from  the  hopper,  shown  in  the  upper 
front  i)art  of  the  furnace.  The  grate 
in  ctirrying  the  coal  into  the  furnace 
pai5.ses  under  an  adjustable  gate  which 
can  be  raised  to  give  any  desired  thick- 
ness of  fuel  bed  up  to  twelve  inches  by 
turning  the  hand  wheel  at  the  top  of 
the  Stoker.  The  adjustment,  together 
with  the  variable  speed  at  which  it  is 

possible  to  operate  the  grate  by  means       Showing  driving  mechanism  of  Stoker 
of  the  speed  adjusting  lever  shown  on  the  driving  mechanism,  makes  it  possible 
to  feed  any  desii-ed  number  of  pounds  of  coal  per  square  feet  of  grate  surface  per 
hour  into  the  furnace. 

13y  controlling  the  thickness  of  the  fuel  bed  and  speed  with  which  the  coal  is 
fed  into  the  furnace,  it  is  possible  to  obtain  any  desired  load  from  the  boiler  with 
coal  of  either  very  lugh  or  very  low  heat  value,  or  coal  very  small  or  coarse  in  size. 

By  raising  or  lowering  the  gate  and  determining  the  thickness  of  the  fuel  bed, 
which  is  fed  into  the  furnace,  proper  allowance  can  be  made  for  the  burning  of 
coal  of  various  sizes.  For  example:  Assuming  that  the  draft  over  the  fire  is  con- 
stant, the  larger  size  of  coal  will  have  larger  air  spaces  between  the  individual 
pieces  of  coal  than  a  coal  of  smaller  size,  so  that  with  a  given  draft  more  air  will 
be  forced  through  a  coal  bed  six  inches  thick  while  burning  the  larger  size  of  coal 
than  will  be  forced  through  the  same  thickness  while  using  coal  of  a  smaller  size. 
Adjustment  should  therefore  be  made  in  each  case  so  as  to  obtain  the  proper 
amount  of  air  through  the  coal  for  the  proper  burning  of  the  particular  kind  of 
coal  used. 

The  ease  with  which  the  gate  can  be  lowered  or  raised  in  the  Illinois  Stoker 
makes  it  feasible  to  maintain  the  proper  thickness  of  the  fuel  bed  for  each  kind 
of  coal  supplied  to  the  furnace.  The  exact  thickness  of  the  fuel  bed  is  at  all  times 
indicated  in  inches  by  the  gauge  shown  just  above  the  handle  for  raising  the  gate. 

Attention  is  called  to  the  solid  construction  of  the  side  frame  of  this  Stoker, 
which  is  cast  in  one  single  piece  from  the  front  to  the  rear  of  the  Stoker,  so  that 
the  entire  chain  and  driving  mechanism  is  supported  on  this  single  solid  casting. 
This  construction  is  found  only  in  the  Illinois  Stoker  and  makes  it  the  most  rigid 
and  substantial  Stoker  on  the  market.  Note  the  heavy  ribs  on  all  edges  of  the 
side  frame. 

GOOD  FEATURES  OF 

ILLINOIS  STOKER 

Heav}^  Castings  throughout  and  Rigid  Bra- 
cing. Sprockets  engage  on  Rollers,  not  on 
rods.  Evenness  of  chain  due  to  close  spacing 
of  rollers.  Uniform  distribution  of  air  supply 
through  coal.  Patented  air  baffling  system  in 
rear  of  grate.  Large  combustion  space  due  to 
nclined  grate.  Excellent  speed  controls. 
Short  Link.  Minimum  loss  of  coal  through 
grate.  Independent  flat  ignition  arch.  Gen- 
eral appearance  and  mechanical  design.  Drums 
are  used  on  the  rear  end  instead  of  .sprockets, 
hence  there  are  no  rear  sprockets  to  cause 
trouble. 
Complete    illustrated    catalogue    mailed    on 

Illinois  Stokers  in  operation  request. 
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GREEN  ENGINEERING  CO. 

CHICAGO  ILLINOIS 

MANUFACTURERS  OF  GREEN  CHAIN  GRATE  STOKERS;  GECO  RATCHET  ASH 
DRAGS;  GECO  PRESSURE  WATERBACKS;  GECO  PNEUMATIC  ASH  HANDLING 
SYSTEMS. 


GREEN  CHAIN  GRATE  STOKER 

The  Green  Chain  Grate  Stoker  gives  in  service  a  practical  demonstra- 
tion of  progressive  combustion,  the  fuel  being  fed  in  at  the  front  of  the 
furnace  and  carried  at  regulated  speed  to  the  rear  of  the  furnace,  where, 
as  ashes,  it  drops  into  the  ash  pit  to  be  removed  mechanically  or  by  hand. 
Operation  is  entirely  automatic  and  continuous.  The  fuel  is  ignited  and 
coked  at  the  front  end  of  furnace,  air  is  admitted  through  automatically 
cleaned  air  spaces  in  grate,  and  smokeless  combustion  with  low  grade  fuel 
is  produced.  It  will  quickly  pick  up  or  drop  a  heavy  load  or  economically 
bank  the  fire.  Labor  cost  for  cleaning  furnace  is  low  and  the  cost  for 
repairs  minimized. 

Green  Stoker  Applied  to  a  Horizontal  Water  Tube  Boiler 


Construction 

Two  types  of  grates  are  made  adaptable  to  any  make  of  boiler.  The  fire 
bed  may  be  level  or  sloping.  The  side  girders  of  frame  are  entirely  away 
from  the  fire  and  arranged  to  provide  an  increased  air  supply.  Heavy 
cast-iron  links,  thoroughly  ventilated,  form  the  firing  bed.  These  links  inter 
lock  and  automatically  clear  the  air  spaces  without  excessive  loss  of  fine  coal. 
The  rear  cross  girder  is  fitted  with  a  heavy  plate  on  under  side  upon  which 
ashes  accumulate  and,  in  connection  with  the  members  just  above  and  below, 
prevent  the  passage  of  air  around  rear  portion  of  grate,  where  ashes  dis- 
charge; and  this  is  further  supplemented  by  dampers,  which  prevent  the 
leakage  of  air  past  the  side  frames  or  below  the  lower  part  of  the  chain.  J 
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Ash   Handling  Systems 


GREEN  CHAIN  GRATE  STOKER 

'I'he  Ki'atos  are  built  in  any  witlth  anil  in  lenf>;ths  from  9  ft.  up  to  12  ft.  deep. 
Drivinfz;  incchanisni  consists  of  ratclu't,  cast-stt'cl  i)a\vl.s  and  cast-stoel  spur  gear 
train  babbitted  in  a  special  .s(>If-contained  frame  independent  of,  but  bolted  to 
the  stoker  front  side  frame.  Quick  adjustment  may  be  had  over  a  wide  range 
and  the  source  of  power  may  be  either  above  or  below  the  boiler-room  floor.  A 
regulating  feed-gate  permits  hard  firing  and  is  provided  with  an  easily  renewable 
tile  lining,  which  prevents  injury  to  the  gate  by  fire  eating  back  into  coal  hopper. 
The  igniting  arch  is  adaptable  to  any  width  furnace  and  easily  renewable  at  low 
cost.  It  is  flat,  ventilated,  and  it  gives  uniform  ignition  the  full  width  of  the 
furnace  and  allows  local  repairs  at  any  point  without  undue  loss  of  use  of  the 
boiler. 


Stoker  Withdrawn  From  Setting 


GECO  PNEUMATIC  ASH  HANDLING  SYSTEM 

This  system  consists  of  a  conveyor  pipe  located  convenient  to  ash  pits  and 
jirovided  with  openings  into  which  ashes  are  readily  hoed.  An  air  current  of 
high  velocity  instantly  carries  the  ashes  to  a  separator  and  storage  tank.  On 
entering  tank  the  ashes  are  automatically  sprayed,  thoroughly  quenched,  sepa- 
rated from  air  and  deposited.  An  exhauster  produces  the  air  current.  Tank 
may  be  I'eadily  emptied  by  gravity  into  carts,  or  cars.    One  man  operates  system. 
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MURPHY  IRON  WORKS 

DETROIT,   MICHIGAN 

FOUXDKD  1,S7S 
MANUFACTURERS  OF  THE  MURPHY  AUTOMATIC  SMOKELESS  FURNACE 


THE  MURPHY  AUTOMATIC  FURNACE  is  automatic  in  all  its  func- 
tions.     It  feeds  and  distributes  the  coal  and  removes  the  ash  and  refuse. 

It  is  adaptable  to  any  type  of  boiler  and  to  units  of  any  size. 

It  will  handle  economically  all  grades  of  bituminous  fuels  and  is  practi- 
cally smokeless  under  normal  operating  conditions. 

It  is  capable  of  handling  variable  loads  and  heavy  overloads  efficiently 
and  with  minimum  attention. 

The  cost  of  maintenance  is  low,  averaging  about  lOc.  per  horsepower  per 
year. 

It  operates  with  natural  draft,  the  cost  of  actuation  a[)proximates  4  of 
1  per  cent  of  total  steam  generated. 


wWiTiigraai 


The  Murphy  Automatic  Smokeless  Furnace 
REAR  VIEW 


Its  usefulness  is  not  limited  to  steam  making,  it  will  give  excellent 
results  in  all  operations  where  liijih  temfjcratures  are  required,  such  as 
\n-ivk  drying,  cement  burning,  salt  evaporation,  calcining  of  soda  ash,  heat- 
ing furnaces,  etc. 
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MecJianical  Stokers 


MURPHY  IRON  WORKS 


Murphy  Furnace— Dutch  Oven  Setting 

At  either  side  of  the  furnace  extending  from  front  to  rear  is  the  coal  maga- 
zine into  which  the  coal  may  be  introduced  either  by  hand  or  mechanically. 
At  the  bottom  of  this  magazine  is  the  coking  plate  against  which  the  inclined 
grates  rest  at  their  upper  ends.  The  stoker  boxes,  operated  by  segment 
gear  shafts  and  racks,  push  the  coal  over  the  coking  plate  and  onto  the  grates. 
The  grates  are  made  in  pairs,  one  fixed  and  the  other  movable.  The  sta- 
tionary grates,  at  their  lower  ends,  rest  on  the  grate  bearer,  which  also  acts 
as  a  support  for  the  clinker  grinder.  The  clinker  grinder  consists  of  a 
square  steel  shaft,  onto  which  is  slipped  small  cast  iron  toothed  segments, 
which  are  readily  replaced  in  case  of  breakage.  Just  over  the  coking  plate 
is  the  arch  plate,  from  which  a  fire  brick  arch  is  sprung  over  the  entire  fur- 
nace. Upon  this  arch  plate  are  cast  numerous  ribs  to  form  a  series  of  aii- 
ducts  immediately  over  the  coking  plate,  conveying  the  heated  air  from  the 
chamber  above  the  arch  into  the  combustion  chamber.  This  arch  plate 
also  forms  the  wall  of  the  magazine.  The  furnace,  or  battery  of  furnaces, 
can  be  operated  by  a  small  automatic  engine,  motor  or  by  overhead  shaft 
and  ratchet  drive,  as  may  be  desired.  Arrangement  is  made  for  exhaust 
steam  connections  at  the  lower  end  of  the  grates  for  the  protection  of  this 
portion  of  the  grates  and  clinker  grinders  and  for  the  softening  of  the  clinker. 
In  connection  with  horizontal  tubular  boilers  or  water  tube  boilers  horizon- 
tally baffled,  the  Murphy  furnace  can  be  installed  with  a  flush  front  setting. 
Arrangement  can  be  made  for  extended  or  Dutch  oven  settings,  should 
this  be  desired. 
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LACLEDE  CHRISTY  CLAY  PRODUCTS 

CO. 

ST.   LOUIS,   MISSOURI 

"LACLEDE-CHRISTY"  CHAIN  GRATE  STOKERS;  CLAY  PRODUCTS 
AND    REFRACTORIES;     INDUSTRIAL     PLANT     CONSTRUCTION. 

CHAIN  GRATE  STOKER 

The  "Laclede-Christy"  Chain  Grate  consists  of  an  automatic,  traveling, 
self-cleaning  endless  chain  of  narrow  links  all  of  the  same  design,  sup- 
ported on  a  strong  rigid  frame  and  operated  by  a  simple  driving  device. 

By  means  of  a  hopper  and  an  adjustable  feed  gate,  the  coal  is  spread 
evenly  across  the  width  of  the  grate  and  carried  under  the  patent  ignition 
arch  where  the  volatile  gases  are  driven  off  and  consumed.  The  remaining 
coke  is  consumed  toward  the  back  of  the  grate  and  the  ashes  discharged 
into  the  ash  pit  at  the  rear  end  of  grate. 


The  frame  work  which  supports  the  chain  consists  of  heavy  cast-iron 
sides  tied  together  with  rods  and  pipe  spreaders  and  held  rigid  by  a  struc- 
tural iron  diagonal  brace.  Pipe  rollers  are  provided  to  support  the  chain 
and  the  complete  grate  is  mounted  on  four  flanged  wheels  to  fit  tee  rails. 
By  this  construction  the  stoker  can  be  removed  quickly  from  under  the 
boiler  for  repairing  the  furnace. 

Driving  mechanism  consists  of  a  worm  gear  operated  by  a  pawl  and  a 
ratchet  wheel,  driven  by  an  eccentric  fastened  to  a  shaft  either  overhead 
or  underneath.  Speed  may  be  closely  regulated  and  in  case  of  accident  to 
the  engine  or  motor  the  grate  may  be  operated  by  hand. 

SPECIAL  FEATURES 

Evaporation  is  produced  at  a  minimum  cost  for  fuel  and  labor. 

Boiler  can  be  forced  without  losing  economy. 

It  will  burn  any  kind  of  bituminous  coal  without  smoke. 

It  is  self-feeding,  self-cleaning  and  labor  saving. 

During  operation  it  may  be  quickly  adjusted. 

Sprockets  engage  rollers  instead  of  links. 

It  does  not  injure  boilers  or  accessories. 

Any  fireman  can  make  repairs  should  they  become  necessary. 

Design  jjermits  of  large  combustion  chamber. 

Incline  of  grate  permits  of  installation  where  headroom  is  limited. 
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Shaking  Grates 


ST.  JOHN  GRATE  BAR  CO. 

A.  15.  Wii.LoumiuY,  Manager 

IMACHINERY  DEFT.  THE  BOURSE,  PHILA.  PA. 

CONSULTING  AND  MECHANICAL  ENGINEERS,  EXPERTS  IN  COMBUSTION. 

MANUFACTURERS  OF  WILLOUGHBY'S  PATENT  IMPROVED  SHAKING  GRATES  AND 
FURNACES,  WILLOUGHBY'S  PATENT  ALTERNATING  SHAKING  GRATES  FOR  FIRE 
ENGINES  AND  ALL  BOILERS  WITH  CIRCULAR  FIRE  BOXES. 


WILLOUGHBY'S  ST.  JOHN  PATENT  IMPROVED  SHAKING  GRATES 

AND  FURNACES 

These  grates  are  especially 
suitable  for  internally  fired 
Corrugated  Furnaces,  but  are 
used  to  advantage  in  all  kinds 
of  boilers  and  furnaces,  with 
any  fuel,  and  with  natural, 
forced  or  induced  draft. 

FIRES  CLEANED  BY 
SHAKING 

Their  use  does  away  very 
largeh'  with  the  need  of 
"cleaning  fires,"  since  the 
construction  and  operation 
is  such  that  all  refuse  can  be 
broken  up  and  passed  through 
the  bars  by  shaking.  These 
grates  have  been  run  seven 
weeks  without  '^leaning,  us- 
ing Pittsburgh  coal  in  inter- 
nally fired  boilers. 

INCREASED  BOILER  CAPACITY 

The  air  space  of  these  grates  is  so  much  greater  than  that  of  other  types  that 
much  more  coal  can  be  burned  per  foot  of  grate  surface,  thereby  evaporating 
more  water  and  increasing  the  capacity  of  the  boiler.  It  is  also  possible  to  burn 
inferior  coal  with  good  results,  and  less  clinker  than  with  other  grates. 

CONSTRUCTIONAL  FEATURES 
These  grates  run  longitudinally,  and  present  a  flat  surface  to  fire  upon,  over 
which  a  slice  bar  or  hoe  may  be  used  without  catching.    This  is  a  very  advan- 
tageous feature  not  found  in  other  shaking  grates. 

SUMMARY  OF  ADVANTAGES 

The  most  business-like  grate  on  the  market,  absolutely  "fool  proof." 

It  is  simple  in  construction.     Easily  operated. 

It  will  reduce  your  coal  bills.     Adapted  to  any  style  furnace. 

No  cold  air  over  the  fire. 

Adapted  to  either  hard  or  soft  coal. 

Will  reduce  the  clinker  to  a  minimum. 

Increased  air  space.    Will  improve  the  efficiency  of  your  boiler. 

Cleanings  are  reduced  to  a  minimum,  and  doors  kept  closed  longer  than  with 
any  other  method. 

No  bolts  or  nuts  or  cotter  pins  to  become  loose  or  broken  and  drop  out,  thus 
disabling  grate  at  the  most  inopportime  times. 

GUARANTEE 
With  the  installation  of  the  WILLOUGHBY  PATENT  IMPROVED  SHAK- 
ING GRATES,  we  will  guarantee  the  ability  to  develop  twenty-five  per  cent 
higher  capacity  than  can  be  secured  from  flat  stationary  grates  urider  like  condi- 
tions, or,  we  will  guarantee  the  ability  to  develop  the  same  capacity  as  you  now 
secure  (from  flat  grates)  on  at  least  ten  per  cent  less  fuel  under  like  conditions 
on  a  twenty-four  hour  (or  longer)  run.  Provided:  an  evaporation  test  be  made 
with  both  flat  grates  and  this  grate  in  the  presence  of  our  representative. 

CATALOG  ON  REQUEST 
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Mechanical  Draft 


AMERICAN  BLOWER  COMPANY 

DETROIT,  IMICH. 

MANUFACTURERS  OF  HEATING,  VENTILATING,  DRYING,  MECHANICAL  DRAFT  AND 
BLAST  EQUIPMENT;  VERTICAL  SELF-OILING  STEAM  ENGINES;  STEAM  TRAPS; 
FANS  AND  BLOWERS  FOR  ALL  PURPOSES. 


"SIROCCO"  FANS  and  BLOWERS 

(The  Original  Turbine  Type) 

DISTINGUISHING   FEATURES 

"Sirocco"  Fans  have  a  largo 
intake  chamber  j)ractically  unob- 
structed by  the  projection  into  it  of 
l)hi(les  Of  other  parts,  and  employ 
l)hides  which  are  short  radially  and 
very  long  axially. 

COMPARATIVE  CAPACITY 

Some  idea  of  the  great  capacity 
of  the  "Sirocco"  Wheels  may  be 
gained  by  a  comparison  of  two 
wheels  of  equal  diameter  and  speeds. 
The  "Sirocco"  will  discharge  3J4 
times  more  air  and  produce  5J4 
t  imes  more  pressure  than  an  ordi- 
nary steel  plate  fan  will;  or  deliver- 
ing equal  volumes  against  equal 
resist  ances,  the  "Sirocco"  Fan  Wheel 
will  be  16%  smaller,  run  at  72% 
of  the  speed  and  require  20%  less 
power;  or  for  the  same  horse-] >ower 
input  to  each  fan,  the  "Sirocco"  will  "Sirocco  Fan" 

deliver  25%  more  air  at  70*^0  of  the  speed;  or  with  housings  of  the  same  lieight 
the  "Sirocco"  Fan  has  35%  greater  capacity  at  65%  of  the  speed. 

GENERAL 

In  the  "Sirocco"  Fan  are  combined  conservation  of  space,  sj^eed  and  power 
in  a  way  never  before  equalled  in  a  fan  of  any  other  type. 
Built  in  any  size  needed  to  meet  given  conditions. 

Complete   description,  capacity  tal)]f\s,  etc.,  in 
Bulletin  No.  284. 

VERTICAL  SELF-OILING   STEAM  ENGINES 

Type  A — Single  Cylinder 
"    E— Double     " 
DISTINGUISHING  FEATURES 
I      These  engines  will  run  from  three  months  to 
two  years  without  requiring  adjustment  or  the 
addition  of  oil  to  the  original  supply.     These 
long  runs  without  attention  are  made  possible 
by  the  patented  oiling  system.    Every  frictional 
surface  is  running  on  oil;  there  is    no    contact 
between  metals,  which  eliminates  wear. 
ADAPTABILITY 

Unexcelled  as  a  motive  power  for  any  duty 
within  their  capacity.  These  engines  have  no 
equal  for  driving  electric  generators,  exciters, 
centrifugal  and  all  types  of  power  pumjas,  paper 
machines,  centrifugal  dryers,  etc. 
CAPACITY 

Up  to  and  including  120  horse-power. 

Complete   descriptive   matter,    specifications, 
etc.,  in  Bulletin  No.  334. 


Type  A  Enj^iiie 
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"Detroit"  Automatic  Return 
Steam  Trap 


AMERICAN  BLOWER   COMPANY 

"DETROIT"  STEAM    TRAPS 

The  only  successful  modifications  in  tilting 
traps  made  in  years  have  been  embodied  in 
the  "Detroit."  ~ 

The  "Detroit"  Traps  are  the  simplest 
])ossible  mechanism  for  automatically  holding 
steam  in  check  and  delivering  water.  They 
are  applicable  anywhere  that  steam  is  used, 
for  whatever  purpose,  and  can  be  used  for 
draining  any  system  on  which  a  pot,  float  or 
ttucket  trap  is  now  or  would  be  used. 

All  working  parts  are  on  the  outside,  in 
l)lain  sight,  and  easily  accessible.  The  tilting 
of  tlie  tank  indicates  at  all  times  the  success- 
ful operation  of  the  trap.  There  is  no  ball  or 
float  inside  the  receiver  and  nothing  to  leak, 
collapse,  rust,  corrode,  or  stick.  The  valve 
seats  and  discs  are  renewable. 

The  Return  Trap  takes  condensation  from 
whatever  source  and  delivers  it  to  the  boiler 
at  i)ractically  the  temperature  at  which  it  is 
condensed. 

The  Non-Relurn  or  Separating  Traps  are 
jjerfectly  adapted  to  draining  oil  and  steam 
sejiarators;  bleeding  high  or  low  pressure 
li(>aders;  draining  receivers  between  high  and 
low-jiressure  cylinders  in  compound  engine 
installations,  etc.;  in  fact,  any  service  within 
their  capacity  in  rubber  plants,  paper  mills, 
jjower  plants,  heating,  drying  and  cooking 
apparatus,  vacuum  pans  and  triple  effects 
in  salt  works,  sugar  refineries,  etc. 

Condensation  can  be  most  successfully 
removed  from  any  apparatus  or  system  work- 
ing under  a  vacuum  by  "Detroit"  Vacuum 
Traps. 

Live  steam  or  compressed  air  is  employed 
for  discharging  the  trap  or  elevating  the  con- 
tents to  any  desired  height  within  the  limit 
of  the  pressure  admitted  to  the  steam  valve. 

In  construction  the  "Detroit"  Vacuum 
Trap  is  a  modification  of  the  "Detroit" 
Return  Trap.  "Detroit"  Vacuum  Trap 

"DETROIT"  RETURN  OR  VACUUM  TRAPS 
CAPACITY 


'Detroit"  Separating  Trap 


Size 
Trap 

Water 

Inlet 

and 

Outlet 

Size 
Steam 
Inlet 

Pound.s 
Per 
Hour 

Square 

Feet 

Direct 

Radiation 

Lineal 

Feet 
1-Inch 

Pipe 

Direct 

Radiation 

Approxi- 
mate 
Shipping 
Weight 
lb. 

Telegraphic 

Code 

Word 
Return  Trap 

10 
11 
12 
l.-j 
U 
1.') 
16 

1 

m 

2 
2^ 

%" 

1 

2 
2 

830 
1500 
2500 
5000 
6600 
15000 
24000 

2800 
5000 
8300 
16500 
22000 
50000 
80000 

8400 
15000 
25000 
50000 
66000 
150000 
240000 

275 
325 
425 
500 
700 
900 
1000 

Dabbler 

Dabble 

Dab.stcr 

Dacapo 

Dactyl 

Daddock 

Dagger 

Capacities  are  based  on  average  direct  radiating  conditions. 

For  capacities  Separating  Traps,  ask  for  Curve  Sheets  Nos.  237-A  and  238-A. 

Complete  description  in  Catalogue  No.  326. 
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Fuel  Economizers 


THE  CJKEEN  FUEL  ECONOMIZER  CO. 

MATTEAWAN,  N.  Y. 

New  York  City        Boston        Chicago        Atlanta        San  Francisco 
Los  Angeles        Seattle        Salt  Lake  City        Montreal 


FUEL  ECONOMIZERS  for  recovering  waste  heat  from  boiler  furnaces,  kilns,  soaking  pits, 
metallurgical  furnaces,  core  ovens,  gas  engines,  etc.,  to  heat  water  for  boiler  feeding  and 
other  purposes. 

WASTE  AIR  HEATERS,  similar  to  the  Economizer  and  utilizing  heat  from  the  same  sources 
to  heat  air  for  the  heating  of  buildings,  or  for  drying  purposes,  regenerative  furnaces,  etc. 

FANS,  BLOWERS  and  EXHAUSTERS  for  ventilating  and  for  moving  air  for  all  purposes. 

ENGINES,  horizontal  and  vertical,  throttling  or  automatic,  for  driving  fans. 

POSITIVFLOW  HOT  BLAST  HEATERS,  for  live  or  exhaust  steam  or  hot  water. 

DRYING  EQUIPMENTS  for  all  kinds  of  material. 

HEATING  AND  VENTILATING  EQUIPMENTS. 

MECHANICAL  DRAFT  INSTALLATIONS. 


GREEN'S  FUEL  ECONOMIZER  is  the  embodiment,  of  the  "counter-current" 
principle  in  steam  boiler  operation.  1  sq.  ft.  of  economizer  surface  will  take  the 
place  of  2  sq.  ft.  of  boiler  surface  otherwise  required,  since  by  reason  of  the  lower 
temperature  of  the  economizer  contents  and  consequent  greater  "temperature 
head"  it  is  able  to  absorb  heat  more  rapidly  from  the  chimney  gases. 

By  reducing  the  flue  temperature  from  600°  F.  to  300"  F.,  and  by  heating  the 
feed  water  from  100°  F.  to  250"  F.,  it  will  save  15%  of  fuel  and  pay  for  itself 
within  2  years. 

Economizer  heating  surface  increases  the  steaming  capacity,  in  the  ratio  of  the 
fuel  saved. 

The  economizer  contains  about  1  hour's  supply  of  hot  water  and  provides  heat 
storage  to  assist  in  carrying  "peaks"  or  overloads. 

Higher  steam  pressures  mean  higher  flue  temperatures  and  greater  need  of 
the  economizer. 

More  efficient  auxiliaries  provide  less  exhaust  for  heating  feed  water  and  render 
the  economizer  more  essential. 

Higher  vacuum  condensers  deliver  colder  condensate,  increasing  profit  from 
economizer. 

By  reducing  flue  gases  to  low  temperature,  in  economizer,  harmful  effects  of 
excess  air  in  furnace  are  cancelled.  Economizers  are  profitably  employed  for  heat- 
ing water  for  industrial  uses  in  paper  mills,  laundries,  salt  works,  gas  works,  etc. 


Green's  Economizer  Installed 
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DIMENSIONS 

IIoifi;ht  from  bottom  of  sec- 
tions to  top  of  scraper  geariiifi  is 
13  ft.  5j  inches,  ""riiese  dimen- 
sions are  based  on  9  ft .  pipes;  10ft . 
and  other  lengths  are  provided, 
Height  over  headers  10  ft. 2 A  inch- 
es. Space  occupied  by  one  sec- 
tion, 7j  inches. 

Widths:  Four  pipe  sections:  3 
ft.  4  ins.  inside  walls  without  side 
dampers,  4  ft.  1  in.  with  one 
damper,  4  ft.  10  ins.  with  two; 
areas  between  pipes,  16.6,  23.85 
Group  of  Green's  Fuel  Economizer  Sections.  Showing  and  31.10 square  feetrespectively. 
the  New  Extended  Top  Header  with  Flexible  blX  pipe  sections:    4  ft.  8  ins. 

Connection  to  Branch  Pipe  inside  walls  without  side  damp- 

ers, 5  ft.  5  ins.  with  one  damper,  6  ft.  2  ins.  with  two;  areas  between  pipes,  21.85, 
29.10  and  36.35  square  feet  respectively. 

Eight  pipe  sections:  6  ft.  inside  walls  without  side  dampers,  6  ft.  9  ins.  with  one 
damper,  7  ft.  6  ins.  with  two;  areas  between  pipes,  27.00,  34.25  and  41.5  square 
feet  respectively. 

Ten  pipe  sections:  7  ft.  4  ins.  inside  walls  without  side  dampers,  8  ft.  1  in.  with 
one  damper,  8  ft.  10  ins.  with  two;  areas  between  pipes,  32.25,  39.50  and  46.75 
square  feet  respectively. 

Twelve  pipe  sections:  8  ft.  8  ins.  inside  walls  without  side  dampers,  9  ft.  6  ins. 
with  one  damper,  10  ft.  3  ins.  with  two;  areas  betw.een  pipes, 39.25, 44.75  and  51 .50 
square  feet  respectively. 

Green's  Junior  Economizer  in  special  sizes  for  narrow  spaces. 
The  pipes  are  of  a  special  grade  of  iron,  cast  in  vertical  dry  sand  molds  and 
tested  to  500  lb.  pressure  per  square  inch  before  forming  into  sections;  350  lb. 
after  forming,  and  twice  the  working  pressure  when  installed. 

The  connections  between  the  top  and  bottom  headers  and  the  branch  pipes  are 
entirely  outside  the  economizer  chamber  and  are  easily  made  and  unmade  by  the 
ordinary  mechanic.  They  have  sufficient  flexibility  to  take  care  of  unequal 
expansion  due  to  changes  of  temperature  and  distortion  due  to  slight  unequal 
settlement  of  foundations. 

The  top  headers  are  planed  on  the  sides,  making  a  ga.s-tight  joint  which 
renders  other  covering  unnecessary.  Our  Ovoid  Bottom  Header  is  specially  de- 
signed to  permit  the  soot  to  fall  through.  Access  to  every  part  of  the  economizer 
is  easily  accomplished  by  means  of  Green's  Sectional  Covering. 

Green's  Economizer  is  arranged  to  secure  the  greatest  heat  absorption 
while  impeding  the  draft  the  least. 

Green's  Economizer  has  been  per- 
fected by  60  years'  use. 

Green's  Economizers  are  used  in 
the  largest  and  most  economical  steam 
plants  throughout  the  world.  Many 
have  been  in  service  for  more  than  30 
years  continuously. 

GREEN'S    STEEL    PLATE   FANS 

for  heating  and  ventilating,  mechanical 
draft,  conveying  materials,  etc. 

Wheels  and  housings  are  extra  heavy. 
Wheels  have  angle  iron  fastenings  for 
the  floats  and  are  strengthened  by  angle 
iron  rings  in  the  larger  sizes. 

The  wheels  are  corrected  for  running 
balance,  and  bearings  are  ring-oiled 
and  adjustable. 


Engine  Driven  Fan 

Send  for  special  publications  on  (i)  Fuel  Economizers,  (2)  Fans  and  Blowers,  (3)  Heating  and 
Ventilating  Buildings,  (4)  Mechanical  Draft,  (5)  Drying,  (6)  Waste  Heat  Air  Heaters,  (7)  Planing 
Mill  Exhausters,  (8)  Heat  Saving  in  Water  Gas  Plants,  Breweries,  Cement  Mills,  Paper  Mills,  etc._ 

357 
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McEWEN   BROS. 

WELLSVILLE,  N.  Y. 
CENTRIFUGAL   PUMPS,   BLOWERS,    BOILERS,   FLEXIBLE  COUPLINGS 


BLOWERS  FOR  FORCED  DRAFT 

To  develop  the  maximum  capacity  of  a  boiler  plant  mechanical  draft  is  neces- 
sary. Chimneys  cannot  produce  draft  enough;  and  where  the  underfeed  or 
retort  types  of  stokers  are  used,  forced  draft  is  indispensable.  Steam  turbine 
driven  forced  draft  blower  units  are  ideal.  The  turbine  runs  perfectly  on  the 
throttle  or  under  pressure  and  air  control.  The  exhaust  from  the  turbine  is 
clean  and  may  be  used  for  feed  water  heating  without  danger  to  boilers  or  the 
cost  of  using  and  removing  cylinder  oil.  But  for  highest  economy  the  blower 
must  run  at  turbine  speeds.  For  instance,  a  small  steam  turbine  develops  L5 
brake  horsepower  at  1000  r.p.m.  and  40  brake  horsepower  at  3500  r.p.m.,  with 
the  same  pressure  and  total  steam  per  hour.  A  larger  turbine  of  another  type 
develops  80  brake  horsepower  at  600  r.p.m.  and  160  horsepower  at  1600  r.p.m. 
with  the  same  pressure  and  total  steam  per  hour.  The  best  blower  for  forced 
draft  service  is  the  one  which  runs  as  well  as  the  turbine  and  at  its  best  speed. 


Size 

Outlet 

Weight 

Space  Requ 

ired, 

Total  Air  Pressure, 
1-4"  w.g. 

Tot.ll  Air  Pressure, 
4-8"  w.g. 

Length 

Width 

Height 

Capacity, 
c.f.m. 

Speed, 
r.p.m. 

Capacity, 
c.f.m. 

Speed, 
r.p.m. 

18' 
24" 
30" 
36" 
42' 
48' 

18x18 
24x24 
.30x30 
30x3(5 
42x42 
48x48 

400 
700 
11.50 
1700 
2300 
3000 

34 
40 
46 
54 
60 
66 

29 
39 
49 
60 

70 
80 

31 
42 

52 
63 
73 

84 

(•.200-12400 
11(I()()-220(K) 
173(10-3  HiOO 
2.0()OO-.')(IO()O 
34000-(i8000 
44000-88000 

1870-3740 
1400  2S0() 
112l)-221() 
;t40-lSS0 
800-1(300 
700- 1400 

9400-133.50 
l(;700-23.")0() 
20200-37200 
37700-53.)00 
51300-72800 
06800-95000 

2830-4000 
2120-3000 
1700-2400 
1410-2000 
1'210-1700 
1060-1500 

CASING.— Cast-iron  sides  with  sheet  steel  volute.  BEARINGS.— Babbitt 
lined,  ring  oiling,  dust  proof,  oil  proof.  ROTOR. — Increase  pitch  proi)ellers 
with  central  deflector,  on  nickel  steel  shaft.  Stays  in  balance.  Removable  end- 
wise. PAINTING. — Filled  and  painted  inside  and  out  with  oil  and  acid  proof 
flat  finish  machine  enamel.  RATING. — Capacity  stated  for  maximum  efficiency 
at  rcHjuired  ]>resstn'e.  P]conomic  range  from  25%  below  to  25%  above  rating 
with  efficiency  above  90'/o  of  maximum.  GUARANTEE. — Best  material  and 
workmanshi])  and  rated  (rapacity.  Faulty  parts  failing  within  a  year  of  shipment 
replaced  l)y  duplicates  f.o.b.  works  on  request. 
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CenlrifiKjal  Pumps 


.  McEWEN   BROS. 


HIGH  SPEED  CENTRIFUGAL  PUMPS 

The  cuts  above  illustrate  the  type  of  high-speed  centrifugal  pump  designed 
especially  for  steam  turbine  drive  on  condenser  and  hot  well  service  in  power 
plants  and  for  other  service  where  large  volume  at  low  head  and  high  speed  is 
desired  with  better  unit  economy  or  lower  operating  cost.  High  suction  lift 
possible. 


size 

G.p.m. 

Head 

S" 

SOO-2000 

5-  50' 

10" 

1800-3000 

5-  50' 

12" 

2500-4500 

5-  50' 

Hi" 

3000-7500 

10-  80' 

20' 

01 10(1-12(100 

10-  80' 

24' 

<t(J00-l.S(l(10 

10-100' 

30" 

15000-30000 

15-100' 

R.p.m. 


1200-4000 
10(10-3200 
000-2700 
1000-3000 
000-2000 
700-2300 
700-1800 


Pipe  Vel. 


7-13' 
7-13' 
7-13' 
7-13' 
7-13' 
7-13' 
7  -13' 


Floor  Space 


24  "x  38" 
28"x42" 
44''x44" 
44 'x  58" 
53'x67" 
63"x  78" 
75"x85" 


Weight 


900  lb. 
1200  lb. 
1600  lb. 
2200  11. . 
3300  lb. 
4500  lb. 
7000  lb. 


CASING. — Close  grained,  sound  cast-iron,  with  volute  suction  and  discharge. 
Removable  bronze  throat.  BEARINGS. — Split  shells  lined  with  best  babbitt, 
or  made  entirely  of  lead  bronze  if  [jrcferred.  Laminated  oil  rings.  Bearings  re- 
movable without  disturbing  shaft.  ROTOR. — Helical  tj'pe  bronze  impeller  on 
nickel  steel  shaft,  bronze  covered  where  exposed  to  water.  Removable  endwise 
from  casing.  STUFFING  BOX. — Best  hydraulic  packing,  water  sealed.  Bronze 
gland  recessed  to  prevent  slinging  water.  COUPLING. — Flexible  type,  all  steel 
with  reservoir  lubrication.  PAINTING. — Filled  and  painted  with  oil  and  acid 
j)roof,  flat  fini.sh,  steel  color  machine  enamel.  GUARANTEE. — Best  efforts 
made  to  fit  the  pump  to  its  work.  Material  and  workmanship  best  for  the  j)ur- 
pose.  Parts  failing  from  defect  within  one  year  from  shipment  renewable  by 
duplicate  f.o.b.  works.  RATING. — Pumps  rated  at  highest  efficiency  for  re- 
quired head  and  speed.  Economical  range,  25%  lielow  to  25%  above  rated 
capacity. 
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POWER  SPECIALTY  COMPANY 

111  BROADWAY,  NEW  YORK,  N.  Y. 

Boston         Philadelphia         Chicago         Pittsburg         Birmingham  San  Francisco 

FOSTER   SUPERHEATERS;    DUVAL  METALLIC   PACKING;  SUPERHEATED    STEAM 
BRONZE   GASKETS,    HEENAN    MUNICIPAL    REFUSE    DESTRUCTORS. 


FOSTER  SUPERHEATERS 

The  Foster  Superheater  is  made  in  four  general  types,  as  follows: 
Attached  Type  for  Superheating  up  to  200  deg.  Fahr. 
Separately-Fired  Type  for  any  variety  of  fuel  and  any  range  of  super- 
heat up  to  1200  deg.  Fahr. 
Waste-Heat  Type  for  steel  and  fabric  mills  or  marine  practice. 
Portable  Type  for  heating  steam  or  air  with  oil,  coal  or  gas  fires. 


Great  strength  and  durability,  combined  with  extreme  simplicity  and 
adaptability  to  any  type  of  boiler. 

Structural  Features 

All  parts  under  pressure  are  of  steel,  thus  giving  maximum  strength. 
All  parts  exposed  to  gases  of  combustion  are  cast  u"on. 

The  elements  are  usually  U  bends  of  seamless  tubing  exjjanded  into  steel 
manifolds.  Where  U  bend  construction  cannot  be  used,  straight  elements 
are  expanded  into  individual  stee!  return  headers  at  free  ends. 

Opposite  the  end  of  each  element  a  handhole  fitted  with  steel  plug  and 
metallic  gasket  is  provided  to  give  free  access  to  every  part  of  the  interior 
for  inspection  or  cleaning.  All  holes  into  which  tubes  are  expanded  or  hand- 
hole  plugs  fitted  are  carefully  reamed  to  gage. 


2"  Handhole  plug,  gasket,  cap  and  nut  used  in  construction 
of  Foster  Superheaters 
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The  elements  consist  of  bodies  of  seamless  cold-drawn  steel  tubinf^,  to 
the  outside  of  which  is  snugly  fitted  a  heat-resisting  cast-iron  covering  with 
deep  external  annular  corrugations  for  the  protection  of  the  bodies  against 
the  action  of  the  heated  gases.  These  annular  gill  flanges  form  an  exten- 
sion surface  for  the  absorption  of  heat  from  the  hot  gases,  which  heat  is 
passed  to  the  steam  contained  in  the  tubes.  They  provide  a  section  of  great 
ultimate  strength  with  absolute  freedom  from  internal  strains.  They  also 
provide  a  mass  of  metal  which  acts  as  a  reservoir  for  heat  to  be  imparted 
to  the  steam  regularly  and  prevent  fluctuations  in  the  temperatures  of  the 
hot  gases  from  producing  corresponding  fluctuations  in  the  superheating 
of  the  steam.  An  inner  tube  or  core  is  fitted  to  each  straight  heating  tube, 
the  core  being  of  cylindrical  form  closed  at  each  end  and  supported  con- 
centrically with  the  tube  by  frequently  spaced  steel  knobs.  This  thin  an- 
nular conduit  for  passage  of  the  steam,  while  receiving  the  superheat,  adds  to  the 
efficiency  of  the  heating  surface,  insures  complete  distribution  of  steam  through 
all  parts  of  superheater  and  the  impossibility  of  passing  water  through  the  ele- 
ments. 


SUPERHEATED  STEAM 

Superheating  steam  has  become  a  modern  necessity;  saving  fuel,  in- 
creasing capacity  and  duty  of  engines  and  turbines,  insuring  longer  life  and 
greater  economies  in  boiler,  steam  pipe  and  condenser. 

For  steam  turbines,  reciprocating  engines,  generating  units,  feed  pumps 
and  auxiliaries,  any  superheat  up  to  500  deg.  Fahr.  will  be  found  satis- 
factory. For  industrial  uses,  temperatures  up  to  1200  deg.  Fahr.  are  made 
possible  by  the  Foster  construction. 


Cross  section  of  return  bend  element  and  connecting  headers   used  in 
the  construction  of  Foster  Superheaters 


DUVAL  METALLIC  PACKING 

is  extensively  used  for  superheated  and  saturated  steam,  also  for  steel  or 
iron  plungers  where  working  in  water  or  oil,  in  pumps  or  accumulators,  for 
heavy  pressures  from  500  to  2500  pounds  per  square  inch  of  pressure.  No 
special  stuffing-box  is  required.  The  packing  is  flexible,  made  of  fine  qual- 
ity wire  plaited  in  square  form  and  is  easily  cut  with  wood  chisel.  It  is 
adopted  in  the  French,  British  and  American  Navies. 


SUPERHEATED  STEAM  BRONZE  GASKETS 

give  excellent  satisfaction  for  flanged  joints  carrying  superheated  steam. 
The  metal  has  elastic  properties  and  the  corrugations  are  even,  with  sharp 
ridges. 
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B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 

Offices  in  Larger  Cities 

MECHANICAL  DRAFT,  FUEL  ECONOMIZERS,  STEAM  TURBINES,  STEAM  ENGINES, 
GASOLENE  ENGINES,  GASOLENE  ENGINE  GENERATING  SETS,  MOTORS,  GENER- 
ATORS, STEAM  TRAPS,  HEATING  AND  VENTILATING  SYSTEMS,  FANS,  BLOWERS, 
EXHAUSTERS,  ETC. 


MECHANICAL  DRAFT 

Draft  profhiced  by  a  fan  is  called  moohanieal 
draft,  and  may  be  forced  or  induced  as  conditions 
demand.  Its  cost  is  from  20  to  40  jjer  cent  of  that 
of  a  chimney.  Its  intensity  permits  of  the  burn- 
ing of  finely  divided  or  low  grade  fuel.  It  makes 
])ossibl(>  the  utilization  of  the  flue  gases  which  a 
chimney  wastes  in  producing  draft,  it  is  ind(>- 
pendent  of  the  weather,  decreases  smoke,  in- 
creases the  capacity  of  an  existing  j^lant,  and 
serves  as  an  auxiliary  to  a  chimney  rdready  over- 
burdened.    It  saves  space  and  is  portable. 


FUEL  ECONOMIZERS 

The  Sturtevant  Economizer  effects: 

A  saving  of  10  to  20  per  cent  in  fuel. 

An  increase  of  20  to  40  per  cent  in  boiler  capacity. 

An  appreciable  extension  of  the  life  of  a  boiler, 

A  purification  of  the  feed  water, 

A  reduction  in  expense  of  repairs, 

'I'he  deposit  of  large  amounts  of  soot. 

In  the  Sturtevant  Economizer  the  pipes  are  arranged 
"staggered"  instead  of  in  straight  rows,  thereby  giving  the 
pipes  a  better  opportunity  to  absorb  heat  from  the  gases. 
These  economizers  are  made  with  taper  metal-to-metal 
joints  that  req\iire  no  packing,  cement  or  rusting.  The 
placing  of  the  pipes  of  one  row  opposite  the  spaces  of  the 
adjacent  sections  increases  the  effective  area  of  the  trans- 
mitting surfaces  and  thoroughly  breaks  up  the  currents  of 
hot  gases  by  directing  them  between  the  pipes  and  against 
those  standing  in  their  paths. 

STEAM  TURBINES 

The  Sturtevant  Steam  Turbine  is  of  the  multi-velocity 
type,  and  its  operation  is  such  as  to  give  liigh  efficiency,  and 
permit  of  moderate  rotative  sjx'i'ds  without  gears.  Hand 
valves  are  used  for  shutting  off  the  nozzles,  and  the  speed 
is  regulated  by  a  centrifugal  throttling  governor  placed  on 
the  end  of  the  shaft. 

No  special  foundations  are  recjuired  and  the  turbine  can 
be  placed  on  an  ordinary  floor.     Internal  lubrication  is  un- 
necessary, therefore  the  exhaust  steam  is  free  from  oil. 
5  regular  sizes  from  .5  to  2.50  H.P. 
Apijroximate  speed  from  -fOOO  to   1000  R.P.M. 

STEAM  ENGINES 

(Automatic  High  Speed) 

Vertical  Single  C\  liniler  from  .0  to  S7  H.P. 

Vertical  Compound  from  35  to  171  H.P. 

Horizontal  Center  Crank  Engine  from  39  to  225  H.P. 

Sturtevant  Engines  are  adapted  to  continuous  operation 
for  long  periods  without  attention.  Gravity  lubrication 
and  complete  enclosure  of  moving  parts  insure  cleanliness 
and  high  mechanical  efficiency.  Rites  Governor  gives  IJ-^ 
))er  cent  speed  variation  only. 

MOTORS,  GENERATORS  AND 
GENERATOR  SETS 
Direct  Current  Apparatus  for  any  Standard  Voltage 
Bi-Pole  Motors  (enclo.sed  and  .semi-en- 
closed type) li     to      3  H.  P. 

Four- Pole  Motors 2      to    30  H.   P. 

Eight-Pole  Motors 1       to  225  H.    P. 

Six-Pole  Generators 5      to  17Vo  K.  W. 

Eight- Pole  Generators 20      to  150  K.  W. 

Turbine  Generating  Sets 3      to    50  K.  W . 

Steam-Engine  Generating  Sets 5       to  150  K.  W. 
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B.  F.  STURTEVANT  COMPANY 

STEAM  TRAPS 

This  stoiim  trap,  mado  for  difTcrcnl  i)r('ssurcs,  is  dcsifjincd  lor  steam  heaters 
or  radiators  of  any  const  met  ion.  IJoth  extension  and  cone  are  of  brass  jj;round 
to  a  fit.     The  pot  is  readily  removed  for  cleaning  by  loosening  nj)  1h(>  bolts. 

PROPELLER  FANS 
Propeller  fans  are  designed  for  use  against  low  pressures, 
and  are  applicable  for  ventilation  and  exhauster  work  in  boiler 
and  engine  rooms,  kitchens,  clubrooms,  smoking  rooms,  offices, 
stores  and  similar  i)laces.  They  are  constructed  with  a  frame 
of  cast  iron,  that  is  fastened  into  the  wall  of  the  building  and 
are  driven  by  either  belt  or  direct-connected  electric  motors 
that  are  enclosed  and  dust-proof.  The  construction  of  these 
])ropeller  fans  is  exceptionally  strong  and  durable.  Propeller 
fans  are  made  in  sizes  of  from  IS  to  120  inches  in  diameter. 

MULTIVANE  FANS 
Multivane  blowers  and  exhausters  driven  by  direct- 
connected  .Sturtevant  motors, 
turbines,  and  engines  form  the 
most  satisfactory  and  efficient 
fan   sets  on   the   market.      The 

^_^    blast  wheel  or  rimner  for  this  fan 

•^K  ^^^Wr— yj"^    is   composed   of   shallow   floats, 

-^''^  rxJ«C»S3i     which   permit   the   use   of  very 

large    inlets    while    maintaining 

the  necessary  blade  area.     The 

large  inlet  allows  the  air  to  enter 

with   the  least  loss  in   friction. 

Each  blade  or  float  is  spooned  to  distribute  equally  the  pressure  within  the  casing 

and  to  add  rigidity  and  strength  to  the  wheel. 

STEEL  PLATE  FANS 

Sturtevant  steel  plate  fans  are  desi<:n<xl  for  all  ^ortt^  of  blower  and  exhauster  work.  They  are 
the  result  of  fifty  years'  experience  in  blower  design,  are  especially  strong  and  durable  and  are"  suit- 
able for  direct-connected  steam  engine  and  electric  motor  drive  and  for  belt  drive.  Steel  plate 
fans  are  built  for  ventilation  and  mechanical  draft  installations,  and  for  planing  mill  and  other 
exhauster  work. 

BLOWERS  AND  EXHAUSTERS 

The  Sturtevant  High  Pressure  Blower  is  made  in  two  types:  in  the  smaller  sizes  the  idler  is  direct- 
ly above  the  impeller,  and  the  shafts  lie  in  a  vertical  plane.  In  the  larger  sizes,  the  shafts  are  in  a 
horizontal  plane,  the  intake  and  discharge  being  at  the  bottom  and  top. 

High  Pressure  Blowers  are  designed  to 
deliver  air  at  pressures  up  to  five  pounds. 
They  are  especially  adapted  to  furnishing 
bla.st  for  cupolas,  gas  and  oil  burners,  anneal- 
ing and  smelting  furnaces,  cement  kilns,  and 
for  all  sorts  of  blower  or  exhauster  work 
demanding  high  pressures.  Special  stuffing- 
boxes  to  prevent  leakage  are  furnished  when 
these  blowers  are  used  to  handle  gases. 

The  B.  F.  Sturtevant  Company  makes  com- 
plete installations,  including  direct-connected, 
belted,  or  geared  engine  or  motor,  exhauster, 
automatic  regulator,  blast  gates,  by-pass 
connections,  and  valves. 

STURTEVANT  HEATERS 

The  Sturtevant  fan  system  of  heating  and  ventilating 
is  economical  and  positive,  heated  air  providing  vei»tila- 
tion  as  well  as  heat.  Indirect  hot  blast  coils  are  built  of 
one  inch  extra  heavy  steel  pipe  screwed  into  cast  iron 
sectional  heater  bases.  Entire  heater  is  enclosed  in  steel 
plate  casing.  Heater  is  applicable  to  use  of  either  live 
or  exhaust  steam  or  hot  water.  System  can  be  used  for 
heating  and  ventilating  any  sort  of  building.  The  opera- 
tion is  independent  of  the  weather  or  of  atmospheric 
conditions.  The  air  may  be  washed,  dried,  moistened  or 
cooled,  as  well  as  heated.  Hot  air  from  the  heater  is  forced 
by  a  fan  through  ducts  into  the  building  to  be  heated,  and 
is  allowed  to  escape  through  vent  flues.  Fans  are  driven 
by  steam  engine,  motor  or  belt.     The  steam  engine  exhaust 

is   used    in   the  heater,  thus  eliminating  tlie  expense  of  running  tli<'  fi\<Miir.      I  iin|n-rature  of  air 
entering  each  room  may  be  closely  regulated  hy  thermostatic  control. 
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THE  alberc;er  companies 

140  CEDAR  ST.,  NEW  YORK  CITY 


KiT  So.  La  Salle  St.,  ChicaKO,  111. 

F.irnKTS  Bank  BklK.,  Pittsburgh,  Pa. 
licovos  &  Skinnor  Machincr.N-  Co.,  St.  Louis,  Mo. 


141  Milk  St.,  Boston,  Ma.ss. 
97*  Peachtree  St.,  Atlanta,  Ga. 
C.  F.  Braun  &  Co.,  Inc.,  San  Franoisro,  Cal. 


HIGH  VACUUM   SYSTEM   FOR  STEAM  TURBINES.      SURFACE,  BAROMETRIC  AND 
CENTRIFUGAL  CONDENSERS.     COOLING  TO WERS -VACUUM  PUMPS  — HEATERS 


CATALOG    DESCRIPTIVE 
OF   ANY  OF  THE 
FOLLOWING  APPARATUS 
SENT  UPON    REQUEST. 


ALBERGER 
TURBOVOLU; 
PUMP 
STEAM   TURBI 
DRIVEN 


ALBERGER  APPARATUS 

will  be  found  in  some  of 
the  largest  power  planLs, 
mills  and  steel  works  in 
the  United  States. 

ALBERGER  BAROMET- 
RIC CONDENSER 

This  condenser  is  of  the 
elevated  jet  type,  the  con- 
denser cone  being  suj^portcd 
above  a  tail  pii)e  approxi- 
mately 34  ft.  long,  which 
removes  the  condensing 
water  and  water  of  conden- 
sation by  means  of  gravity. 
A  dry  vacuum  pimip  is  used 
for  removing  the  air  and  un- 
co ndensable  vapors  from 
the  system.  This  arrange- 
ment reduces  to  a  minimum 
the  quantity  of  water  re- 
quired for  condensing  pur- 
]ioses. 

ALBERGER  COOLING 
TOWERS 

can  be  operated  with  either 
forced  or  natural  ilraft  and 
the  convertible  tower  can 
be  changed  instantly  from 
one  to  the  other. 

These  towers  artificially 
cool  the  water  so  that  it  can 
be  continuously  re-used  in 
the  condenser  for  conden- 
sing purposes,  it  being  only 
necessary  to  supply  a  small 
quantity  of  water  to  make 
up  the  losses  due  to  evapora- 
tion. These  towers  can  be 
installed  in  cities,  being 
placed  upon  roof  structures 
when  groima  is  not  avail- 
able. They  are  built  in 
three  types : — namely 

Forced  Draft 

Natural  Draft 

Convertible. 
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Pumps  and  Steam   Turbines 


THE  ALBEIUIER  COMPANIES 


ALBERGER  PUMPS  AND  STEAM  TURBINES 


Alberger  Curtis  Pumping  Engine. 
Multi-Impeller  Turbine  Type. 

Patents  applied  for. 

PUMPS  THAT  PUMP 

Centrifugal  and  Turbine  Pumps  with  Steam  or  Water  Turbines.  Any 
capacity.  Any  head.  High  efficiency.  From  Boiler  Feed  to  Public  Water 
Supply. 


Wainwright  Water  Heater  with  Temperature  Control. 


Wainwright  Corrugated  Tube  Heater  for  boiler  feed. 

The  Wainwright  Spiralflow  heater  for  hot  water  service,  hot  water  heating 
with  forced  circulation  and  automatic  regulation.  High  rate  of  heat  trans- 
mission bj'  agitation  of  water  and  counter  current  flow.  Cast  iron,  copper  and 
brass  insure  long  life  for  the  Wainwright  Heaters. 

(See  also  next  page) 
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(CoutiniK'd  from  i)recciliii(;  jxik''--) 


THE  ALBERGER  COMPANIES 


ALBERGER  BASE  CONDENSERS 


The  base  surface  condenser  is  especially  adapted  to  steam  turbine  conditions. 

The  barometric  condenser  of  the  combination  count(>r  currcMit  type  makes  a 
good  outfit  for  a  central  station. 

'ilic  centrifugal  condenser  is  the  simplest  and  most  compact  Jet  condenser. 

Self  draining  vacuum  pumps  take  care  of  entrained  water. 

In  the  Alberger  counter-current  surface  condenser  the  steam  enters  at  the  bottom, 
the  air  and  uncondensable  vapors  are  taken  out  at  the  top  by  means  of  a  dry 
vacuum  jnunp,  the  circulating  water  enters  at  the  top,  and  passes  through  the 
tubes  in  a  downward  direction,  coming  out  at  the  bottom.  The  water  of  con- 
densation passes  through  the  entering  steam  and  is  removed  from  the  bottom  of 
the  condenser  by  means  of  a  condensation  pump. 

Which  of  the  foregoing  machines  should  be  selected  for  any  actual  situation 
can  only  be  determined  by  a  careful  study  of  the  conditions.  Proximity,  eleva- 
tion, and  character  of  the  water  supply,  cost  of  fuel,  load  factor,  other  power 
units  in  plant,  periods  of  running,  space  available,  and  many  elem(>nts 
must  be  considered  by  those  familiar  not  only  with  the  theory  but  with  the 
])ractice  of  this  branch  of  engineering  to  arrive  at  a  selection  that  will  prove 
most  advantageous  to  the  user. 

Our  cxpc'rience  is  at  your  service. 
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Condenser  Tubes 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH     PENNA. 
BRANCH  OFFICES 


New  York,  99  John  Street 
Boston,  Mass.,  131  State  Street 
Pittsburgh,  Pa.,  2344  Oliver  Bldg. 
Cleveland,  O.,  719  Garfield  Bldg. 
Detroit,  Mich.,  1515  Ford  Building 
Chicago,  111.,  Old  Colony  Building 


Rochester,  N.  Y.,  406  Powers  Bldg. 

Philadelphia,  Pa.,  320  Witherspoon  Bldg. 

Washington,  D.  C,  514  National  Met- 
ropolitan Bank  Bldg. 

Toronto,   Ont.,    Northern   Aluminum 
Co.,  Ltd.,  1503  Traders  Bank  Bldg. 


Pierson,  Roeding  &  Company,  118  New  Montgomery  St.,  San  Francisco,  Cal. 


ALUMINUM 
RODS 
MOULDINGS 


INGOT 

SHEET 

CASTING  ALLOYS 

ELECTRICAL  CONDUCTORS 


TUBE 
FITTINGS 
BRONZE  POWDER 
LITHOGRAPH  PLATES 


BIMETALLIC   CONDENSER  TUBES 


Bimetallic  tubes,  composed  of  a  copper  envelope  over  an  aluminum  lining  (or 
vice  versa),  possess  longer  life  without  pitting  and  leaking  than  any  other  tubes 
when  used  with  cooling  water  high  in  sulphuric  acid  and  sulphates.  They  also 
stand  high  in  the  scale  of  heat  conductivity. 

FABRICATED  ALUMINUM 

Kettles,  tanks,  coolers,  evaporators,  pipe  lines  and  miscellaneous  apparatus 
for  chemical,  soap,  candle  and  stearic  acid  manufactures,  also  for  preserving  and 
brewery  processes. 

ALUMINUM  CABLE  FOR  TRANSMISSION  OF  ELECTRICAL  ENERGY 


Joints  of  aluminum  cable  and  feeders  can  be  made  easily,  cheaply 
and  satisfactorilv. 
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WHEELER  CONDENSER  AND 
ENGINEERING  CO. 

THE  PIONEER  AMERICAN  CONDENSER  BUILDERS 

Main  Office  and  Works:  CARTERET,  NEW  JERSEY 

BRANCHES 
New  York,    Boston,   Philadelphia,    Chicago.    St.  Louis,   St.  Paul,  Cincinnati,  Pittsburgh,  Dallas, 
Cleveland,    Denver,    San  Francisco,    Salt  Lake  City,    Los  Angeles,    ,Seattle,    Portland,    Tucson, 
.■\riz.,    Charlotte,    New  Orleans,    Atlanta,    London,    Yokahanui,    Trieste,    Melbourne,    Paris. 

MANUFACTURERS  OF  COMPLETE  CONDENSING  EQUIPMENTS 


Wheeler  Admiralty  Surface  Condenser  mounted  over 
Combined  Air  and  Water  Pumps 


Wheeler  Dry  Tube  Surface  Condenser  for  Steam 
Turbine  Work 


Wheeler  Rotative  Dry  Vacuum  Pump 


HIGH  VACUUM  SURFACE  CON- 
DENSERS FOR  STEAM  TUR- 
BINES. 

For  turbines  of  any  capacity,  con- 
densing eciuipments  operating  on  wet 
or  dry  system,  tube  surface  of  condenser 
arranged  to  give  best  distribution  of 
steam  for  high  efficiency  and  designed 
on  the  dry  tube  principle  to  give  maxi- 
mum rate  of  heat  transmission.  Built 
as  base  condensers  for  vertical  turbines, 
also  for  horizontal  turbines  with  either 
rectangular  or  c\lindrical  shells.  Per 
niaxiinuin  temperature  of  condensate, 
\\lieelrr-\olz  combined  condensers  and 
feed  water  heaters  are  supplied. 

HIGH  VACUUM  JET  CONDENSERS 
FOR  STEAM  TURBINES. 

For  turbines  of  any  size  to  maintain 
vacuum  of  28  inches  and  up.  Built  on 
the  eountercurrent  "rain  type"  prin- 
ciple to  insure  maximum  temperature 
of  discharge  water,  and  therefore, 
niiniiiiuui  ((uantity  of  water,  and  niini- 
inuui  punijiing  cost. 

WHEELER-EDWARDS  AIR  PUMPS, 
FOR  AIR  AND  CONDENSATE. 

Eliminates  expense  of  independent 
air  and  hot  well  pumps.  No  suction  or 
bucket  valves. 

WHEELER  ROTATIVE  DRY  VAC- 
UUM PUMP. 

Will  maintain  a  vacuum  within  .5" of 
barometer.  For  high  vacuum  jet  con- 
densers and  large  dry  tube  surface 
condensing  equipments.  Clearance 
effect  reduced  by  rotative  sniff  valve. 

CENTRIFUGAL  PUMPS  FOR  ALL 
SERVICES. 

Circulating,  tail  water  and  hot  well 
pumps  for  condensing  work.  Pumps 
of  all  sizes  driven  by  motor,  steam  tur- 
bine or  engine  for  water  works,  irri- 
gation, etc. 

FORCED  DRAFT  STEEL  TOWERS. 

Recommended  for  efficient  cooling 
of  water  where  groiuul  space  is  limited, 
and  smallest  size  towiT  must  be  used. 

NATURAL  DRAFT  WOODEN  TOW- 
ERS. 

For  manufacturing  and  industrial 
pl.ants,  also  central  stations  where  a 
supply  of  cooling  water  is  not  available. 
First  cost  of  power  low  and  operating 
cost  consists  of  water  pumping  cost 
only.  Designed  for  special  low  lift 
so  as  to  reduce  this  cost  to  the  mini- 
mum. 

FEED-WATER  HEATERS,  ATMOS- 
PHERIC EXHAUST  RELIEF 
VALVES,  VACUUM  PANS,  MUL- 
TIPLE EFFECTS,  Etc. 


9G 


Condensing  Apparatus 


WHEELER  CONDENSER  AND 
ENGINEERING  CO. 

THE  PIONEER  AMERICAN  CONDENSER  BUILDERS 


Wheeler  Barometric 
Condenser 


Wheeler  Edwards 
Air  Pump 
Patented 


Wheeler  Rectangular  Jet  Condenser  (Counter-Current 
Rain  Type)  for  High  Vacuum  Steam  Turbines 

Patented 


Wheeler-Barnard  Forced  Draft  Cooling  Tower 
Patented 


Wheeler  Centrifugal  Pump 


Wheeler-Balcke  Natural  Draft  Wooden 
Cooling  Tower 
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BRIDGEPORT  BRASS  COMPANY 

96  Crescent  Avenue 
BRIDGEPORT,  CONN. 

CONDENSER  TUBES  OF  THE  HIGHEST  QUALITY;  "BRIDGEPORT" — BRASS  AND 
ADMIRALTY  MIXTURE;   TINNED   AND   PLAIN.    ALSO  FERRULES  OF  ALL  KINDS. 


Our  experience  in  manufacturing  high  grade  Condenser  Tubes  enables 
us  to  meet  the  most  exacting  requirements.  We  have  made  a  careful  study 
of  this  particular  class  of  work,  and  with  this  experience  and  the  most  ap- 
proved methods  at  our  command,  " BridgeporV^  Condenser  Tubes  represent 
quality  of  the  highest  standard. 

Every  tube  is  rigidly  tested  and  inspected. 

The  severity  of  the  requirements  in  modern  power  station  service  demands 
the  highest  grade  of  Condenser  Tubes — For  Condenser  Tubes  of  Quality 
specify  "Bridgeport." 

Bronzes.     In  rod  and  sheet. 

"Bridgeport,"  a  special  bronze.  Great  tensile  strength  and  high  elastic 
hmit,  for  shafting,  piston  or  plunger  work.  Also  Manganese,  Aluminum, 
Phosphor  and  SiUcon  Bronze. 

Special  shapes.  Drawn  or  stamped  from  Brass,  Copper,  Bronze  and  German 
Silver.     Send  sample  or  blueprint  for  estimate  of  price. 
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ALBERGER  HEATER  COMPANY 

BUFFALO,  N.  Y. 

FEED  WATER  HEATERS  AND  PURIFIERS 

WATER  HEATERS  FOR  GRAVITY  AND  FORCED   CIRCULATION   HEATING    SYSTEMS 

HOT  WATER  SERVICE  HEATERS  FOR  DOMESTIC  USE 


THE  ALBERGER  MULTI-HEAD  FEED  WATER  HEATERS 

Experience  has  demonstrated  that  the  most 
efficient  way  to  heat  water  is  to  agitate  it  thor- 
oughly, so  as  to  bring  all  particles  to  be  heated 
into  direct  contact  with  the  heating  surface. 
This  is  best  accomplished  in  the  Alberger  Multi- 
Head  Heater  by  breaking  the  water  up  into 
small  columns,  which  in  turn  are  broken  up  by 
the  spiral  corrugations  in  the  tubes. 

The  Alberger  Multi-Head  Heater  is  made 
eiitiroly  of  cast  iron,  except  the  heating  surface, 
which  is  pure  seamless  drawn  corrugated  copper 
tubing  tested  to  1,000  lbs.  pressure. 

It  is  to  be  expected  that  those  tubes  on  the 
colcl  or  inlet  water  side  of  the  heater,  where  water 
enters  at  a  temperature  of  about  40°,  will  not 
expar^d  nearly  as  much  as  those  on  the  hot  or 
outlet  water  side  of  the  heater,  where  the  tem- 
jierature  is  210°  or  practically  that  of  the  steam. 
It  is  easy  to  appreciate  the  unequal  strains  this 
difference  in  movement  causes.  In  the  Alberger 
Multi-Head  Heater  the  design  is  such  that  the 
unequal  expansion  or  contraction  produced  is 
taken  care  of  in  a  very  effective  manner  by  a 
series  of  floating  tube  heads  at  one  end  of  the 
heater,  which  permit  the  several  groups  of  tubes 
to  expand  or  contract  entirely  free  from  each 
other.  This  design  obviates  any  possible  trouble 
from  the  heater  and  assures  for  it  a  permanent 
life.  These  heaters  can  be  furnished  in  either 
the  vertical  or  horizontal  type  as  may  best  suit 
existing  conditions. 

ALBERGER  MULTI-HEAD  HOT  WATER  SERVICE  HEATER 
FOR  DOMESTIC  SUPPLY 

This  type  of  heater  is  used  very  extensively  in  hotels,  apartment  houbes,  offices,  hospitals, 
schools,  club  houses,  restaurants,  laundries,  turkish  baths,  and  swimming  pools  and  various  other 
similar  institutions.  In  most  installations  of  this  nature  more  or  less  exhaust  steam  is  available 
for  heating  purposes,  in  which  case  hot  water  may  be  had  at  a  minimum  cost.  In  plants  where 
exhaust  steam  is  not  available,  live  steam  frequently  is  used  and  the  heater  placed  at  such  an 
elevation  that  the  water  of  condensation  will  drain  by  gravity  back  to  the  boiler.  Where  a  limited 
amount  of  exhaust  steam  is  available,  but  not  sufficient  to  heat  the  required  amount  of  water,  the 
deficiency  may  be  made  up  by  the  use  of  a  small  quantity  of  live  steam.  This  may  be  so  regulated 
by  means  of  a  thermostatic  controlling  valve,  that  all  of  the  exhaust  steam  is  utilized  before  live 
steam  is  admitted  to  the  heater.  In  this  manner  a  thoroughly  dependable  piece  of  apparatus  is 
.secured.  In  practically  all  instances,  the  instantaneous  heater  'without  storage  supply  accom- 
plishes to  the  best  advantage  the  desired  effect.  However,  in  laundries  and  some  other  institu- 
tions where  a  large  quantity  of  hot  water  is  required  in  a  short  period,  a  storage  tank  is  some- 
times provided  in  connection  with  the  instantaneous  heater.    This  is  especialjy  the  case  where 

the  stearn  supply  is  limited, 

and  the  water  is  used  at  in- 
frequent periods.  It  will  be 
found  that  the  Alberger 
>Iulti-Head  Hot  Water  Ser- 
vice Heater  for  domestic 
purposes  performs  its  func- 
tions in  a  very  efficient 
manner.  Th,is  heater  is 
made  in  several  forms  to 
meet  the  particular  condi- 
tions for  which  it  is  sold. 
The  illustration  below  will 
give  a  comprehensive  idea 
of  the  heater  we  recommend 
in  order  to  obtain  the  best 
results. 


SAFETY  VALVE    • 


teed  I r filer  TI eaters 


THE  SIMS  COMPANY 

ERIE,   PENNSYLVANIA 

POWER  PLANT  APPLIANCES,  FEED  WATER  HEATERS, 
HOT  WATER  GENERATORS,  ETC. 


We  issue  catalogs  covering  our  large  variety  of  sizes  and  product  and 
we  incorporate  valuable  data  for  the  use  of  the  engineer.  Column  A  of 
table  below  gives  catalog  number,  Column  B  the  maximum  usual  pressure 
for  the  apparatus,  Column  C  the  sizes  made. 


TH» 

OH2 
G2 
M2 

M2 
M2 

SS2 
M2 
M2 
M2 

M2 
G2 


STOCK   TITLE 


Tubular  (or  closed )  Feed  Water  Heaters.   See  Figs.  6  and  7 

Open  Feed  Water  Heaters  and  Purifiers.   Fig.  5 

Hot  Water  Generators  (For  heating  water) 

Sheet  Iron  Exhaust  Heads.   Fig.  2 

C!^st-Iron  Exhaust  Heads 

BoilerCompound  Feeders 

Sugar  Juice  Heaters 

Steam  Separators — Vertical,  See  Fig.  1.    Horizontal,  See  Fig.  4 

WaterSofteners 

Oil  Separators.    Fig.  3 

Oil  Filters 

Boiler  Cleaners 

Low  Water  Alarms 

Converters  (For  heating  by  hot  water) 


150 
15 
50 


150 
50 
150 
150 
20 

150 
150 
50 


Fig.  1 


Fig.  2 


Fig.  3 


Fig.  4 


Table  for  Fig 

5 

Table  for  Fig. 

1 

Table  for  Fig.  4 

D 

E 

F 

0 

H 

I 
25 

Dia.  Pipe  K  j  H 

I 

Dia.  Pipe  K 

H 

I 

J 

4 

200 

8 

u 

87 

2^      16 

8^ 

5 

300 

8 

n 

73 

29 

3     !  19 

m 

3 

391 

12 

34 

6 

400 

10    2 

90 

29 

31    i  19 

Wi 

31 

39i 

12 

34 

7 

500 

10    2 

92 

35 

4 

20 

12 

4 

42 

14 

36 

8 

600 

12 

2 

104 

35 

4i 

20 

12 

'   4i 

42 

14 

36 

9 

800 

14 

3 

73 

43 

5 

22 

14 

5 

49 

16 

42 

10 

1000 

14 

3 

96 

43 

6 

23 

15 

6 

55| 

18 

48 

11 

1200 

16 

3 

112 

43 

7 

30 

16^ 

7 

64i 

22 

56 

12 

1500 

16 

3 

133 

43 

8 

30 

21 

8 

70^ 

22 

60 

13 

2000 

20 

4 

168 

43 

9 

33 

22 

9 

81 

26 

70 

14 

2500 

20 

4 

122 

64 

10 

33 

23 

10 

87^ 

26 

76 

15 

3000 

22 

5 

145 

64 

12 

34 

24 

12 

96 

30 

84 

NOTE.    Smaller  sizes  are  made  in  all  the  apparatus  given  In  tables  and  several  variations  from 
each  type  are  possible  to  suit  conditions. 
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Feed  Water  Heaters 


THE  SI3IS  COMPANY 


Fig.  5 


Fig.  6 


Note.  The  index  letters  given  in  the  table  refer  to  the  dimensions  given 
on  the  various  apparatus  illustrated  above.  Column  D  =  Stock  number. 
Column  E  =  Horse  Power  Rating.  Column  F  =  Dia.  of  E.xhaust.  Column 
G  =  Water  Connections.  Column  11  =  Total  Height.  Column  I  =  Greatest 
Diameter.    Column  O  =  steam  supply.     All  dimensions  in  inches. 


TABLE  FOR  FK 

SURE 

3 

D 

E 

F 

G 

H 

I 
25 

a' 

e' 

f 

g 

h 

10 

200 

8 

2 

GO 

17 

24J 

12 

20 

11 

250 

8 

2 

78 

25 

17 

24i 

12 

35 

12 

300 

8 

2J 

90 

25 

17 

24i 

12 

57 

13 

400 

10 

3 

87 

30 

20 

32 

15 

35 

14 

500 

10 

3 

99 

30 

20 

32 

15 

47 

15 

600 

12 

3 

111    1   30 

20 

32 

15 

59 

16 

700 

12 

3 

123 

30 

20 

44 

15 

59 

17 

800 

14 

4 

103 

43 

37 

48J 

40 

20 

18 

900 

14 

4 

111 

43 

37 

56i 

40 

20 

19 

1000 

14 

4 

119   ;   43 

37 

64i 

40 

20 

20 

1200 

10 

4 

139 

43 

37 

84^ 

40 

20 

21 

1500 

16 

4 

160 

43 

37 

112J 

40 

25 

22 

2000 

20 

5 

167 

48^ 

41^ 

99 

50 

26J 

23 

2500 

20 

5 

195 

48J 

4IJ 

127 

50 

26i 

24 

3000 

22 

5 

216 

48J 

41,1 

148 

50 

26^ 

25 

4000 

22 

6 

260 

48i 

4U 

191 

50 

26i 
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Injectors 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICHIGAN 

("U.  S.")  AUTOMATIC  AND  ("WORLD")  POSITIVE  INJECTORS,  "AMERICAN"  EJECT- 
ORS, JET  PUMPS,  "GEYSER"  DRIVE  WELL  JET  PUMPS,  TANK  FILLERS,  FIRE  PLUGS, 
FUSIBLE  PLUGS,  STRAINERS,  GREASE,  OIL  AND  PRIMING  CUPS,  PLAIN  AND  SIGHT 
FEED  LUBRICATORS,  AIR  AND  GAUGE  COCKS,  WATER  GAUGES,  "^NOISELESS" 
WATER  HEATERS. 


U.  S.  AUTOMATIC  INJECTORS 
Prices  and  full  detailed  information  upon  request 

Give  ioo%  Efficiency.       Save  Time,  Power,  Money. 

Easy  to  Operate.        Have  Wide  Range.        Absolutely  Automatic. 
Never  "Break"  through  jarring.  Backed  by  an  Absolute  Guarantee. 

Study  the  construction.     Note  the  Disc  Valve  on  the  Delivery  Tube,  tlic 
Overflow  Valve  and  the  Drip-Cock. 


WATT  It 


"The  Engineer's  Choice" 

Every  article  we  manufacture  is  characterized  by  exacting  care  and  attention 
to  every  detail.  Each  device  is  tested  beyond  any  possible  requirement  before^ 
it  leaves  our  plant  and  is  sold  with  an  Iron-clad  Guarantee  of  satisfaetor}- 
service. 

We  refund  the  purchase  price  if  not  exactlv  as  claimed — and  we  do  it  cheer- 
fully. 

Send  for  "The  Engineers  Red  Book"  and  Catalog  "L,"  with  full  details 
about  U.  S.  Automatic  Injectors,  and  a  fund  of  other  information  which  the 
Engineer  will  find  of  practical  value  in  the  operation  of  the  power  plant. 
You  will  receive  them  by  return  mail. 
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Steam  Specialties 


JULIAN  D'ESTE  COMPANY 

24  CANAL  ST.,  BOSTON,  MASS. 

BRASS  FOUNDERS,  FINISHERS  AND  MACfflNISTS,  SOLE  MANUFACTURERS  OF  CURTIS 
ENGINEERING  SPECIALTIES,  INCLUDING  DAMPER  REGULATORS,  IMPROVED  PRES- 
SURE REGULATORS,  IMPROVED  PUMP  REGULATORS,  WATER  PRESSURE  REGULA- 
TORS, EXPANSION  TRAP,  RETURN  STEAM  TRAP,  BALANCED  STEAM  TRAP,  RELIEF 
VALVE  FOR  STEAM  AND  WATER,  STEAM  SEPARATOR,  TEMPERATURE  REGULATOR, 
PUMP  GOVERNOR  AND  PUMP,  BLOWER  VALVE,  CELLAR  DRAINER,  U.  S.  BALL 
COCK,  ETC.  

THE  CURTIS  IMPROVED   (PATENT)  DAMPER 
REGULATORS 

The  plunger  is  operated  by  steam  direct  from  the  boiler,  and 
the  whole  pressure  in  the  boiler  is  therefore  available  to  operate 
the  damper  if  needed.  In  practice,  only  enough  pressure  is  used 
to  lift  the  weight,  usually  not  more  than  ten  pounds  to  the 
square  inch  on  the  plunger. 

The  motion  of  the  damper  will  begin  to  change  from  one  direc- 
tion to  the  other  on  a  variation  of  steam  pressure  of  one  half  of 
a  pound  either  way  from  the  point  at  which  it  is  set  to  operate. 

We  guarantee  a  saving  of  ten  per  cent  of  the  fuel  over  the  best 
hand  regulation  or  the  old  style  (diaphragm  and  lever  regulator), 
and  it  often  reaches  fifteen  per  cent. 

They  are  sent  on  thirty  days'  approval  and  will  pay  their  cost 
by  the  saving  of  fuel  in  one  year.     Three  Standard  Sizes. 

IMPROVED  STEAM  PRESSURE  REGULATORS 

This  regulator  is  made  entirely  of  metal,  occupies  the  same 
space  as  a  globe  valve  for  the  same  size  pipe,  and  is  very  simple 
and  sensitive. 

By  its  use  steam  may  be  maintained  at  high  pres- 
sure in  boilers,  and  yet  be  reduced  for  heating  to 
two  or  three  pounds. 

In  the  best  engineering  practice  the  exhaust  steam 
of  the  engine  and  elevator  is  turned  into  the  heating 
system  of  a  building,  and  the  Regulator  automatic- 
ally supplies  just  the  amount  lacking  to  maintain 
constant  pressure  in  the  pipes  and  radiators. 

Standard  sizes  for  1,  IM,  13  2,  2,  2H,  3,  4,  5,  6,  7, 
S,  10,  12,  14,  and  16  inch  pipe. 

A  lockup  top  furnished  at  smaU  additional  cost. 


THE  CURTIS  BALANCED  STEAM  TRAP 

Some  Points  of  Superiority 


1.  A  perfectly  balanced  valve. 

2.  An  absolutely  frictionless  valve. 

3.  The  valve  can  be  removed  without  breaking  a 
joint,  starting  a  gasket,  or  taking  out  a  bolt. 

4.  The  valve  being  frictionless  and  balanced,  the 
whole  power  of  the  float  is  available  for  opening  and 
closing  the  valve. 

5.  The  copper  float  is  perfectly  spherical,  hard,  as  hermetically  sealed  as  a  glass 
globe,  is  of  uniform  thickness  and  warranted  strong  and  tight  at  250  lbs.  pressure. 

6.  It  has  a  pass-by  valve  to  insure  constant  operation. 

7.  Each  trap  will  operate  perfectly  on  pressures  varying  from  one  to  250  pounds. 

PRICE  LIST 
.Size  and  Condensing  Capacity  in  Feet  of  One-Inch  Pipe 


Steam  Pressure  Regulator 


No.  000, 
No.    00, 


Balanced  Steam  Trap 


No. 
No. 
No. 
No. 
No. 
No. 
No. 


0, 
1, 

2. 

3, 

4, 
5, 


.S15.00  for 
20.00  for 
25.00  for 
30.00  for 
40.00  for 


1,000  feet 
2,000  feet 
3,000  feet 
5,000  feet 
8,000  feet 


55.00  for  15,000  feet  IH  in. 
75.00  for  30,000  feet  1)2  in. 
100.00  for  40,000  feet  2 


inlet  and  outlet 

inlet  and  outlet 

inlet  and  outlet 

inlet  and  outlet 

in.  inlet  and  outlet 

inlet  and  outlet 

inlet  and  outlet 

inlet  and  outlet 


125.00  for  60,000  feet  3       in.  inlet  and  outlet 
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Sfeani  Specialties 


C.  A.  DUNHAM  COMPANY 

AIARSHALLTOWN,  IOWA 

New  York:  No.  1  Madison  Ave.  Chicago:  343  S.  Dearborn  St. 

San  Franci.sco:  637  Monadnopk  Bldc:. 

MANUFACTURERS  OF  THE  DUNHAM  RADIATOR  TRAP,  THE  DUNHAM  BLAST  TRAP, 
THE  DUNHAM  AIR  VALVE  AND  THE  DUNHAM  VACUUM  AND  VACUO  VAPOR 
SYSTEMS  OF  }IEA1IN("t 


"  It  last.s  and  wliile 
lasting  works" 

The  Dunham  Radiator  Trap 

Made  in  four  ])atterns — Right  hand,  left  hand, 
Size  ronnections — |  inch  pipe.  Capacity— 

Maximtnn  steam  pressure — 10  lbs 


The  Dunham  Blast  Trap 


THE  DUNHAM 
RADIATOR  TRAP 

for  use  in  connect  on  witli 
the  Dunham  Vaciuun  and 
Dunham  \'acuo  Vapor 
Syst  ems  of  Steam  Heating. 
It  will  positively  allow  for 
the  complete  discharge  of 
water  and  air  from  the 
radiator  to  which  it  is 
attached  without  loss  of 
steam.  Constructed  of 
phosphor  l)ronze. 

straight  way  and  angle. 

-350  sq.  ft.  direct  radiation. 
Wt.— 2^  lbs. 

THE  DUNHAM 
BLAST  TRAP 

for  use  in  draining  blast 
coils  in  vacmnii  or  other 
steam  heating  systems. 
Also  for  use  on  large  di- 
rect radiating  units  where 
the  Dunham  Radiator 
Trap  is  too  small.  Posi- 
tively opens  for  water  and 
air  and  closes  for  steam. 
Body  made  of  cast  iron. 

Made    in    one    pattern 
onlv — straight  wav. 


Size 

1" 


1.500  .sq. 
.3000 


Capacity 
ft.  direct  ratliiition 


pipe 
pipe 


_Wt._ 
1 3  1  bs 
21   ■' 


Care  must  be  taken  in  reducing  blast  surface  to  eciuivalent  direct  l)y  mull  i- 
plying  by  a  factor  ranging  from  3  to  9,  depending  upon  the  temperature,  velocity 
and  volume  of  air  being  forced  over  tlu^  coils. 

THE  DUNHAM  AIR  VALVE 

This  valve  is  made  for  use  in  revamjiing  both  old  and  new  air-line  jobs.  It 
is  built  upon  the  same  principle  as  the  Dunham  Radiator  Trap.  Is  nickel  plated 
all  over  and  has  union  nut  and  nipple.  Made  for  ^  inch  pipe  connection.  Archi- 
tects and  engineers  can  specify  this  valve  with  the  positive  assurance  that  it 
will  gi\e  service  without  necessitating  the  attention  that  is  required  to  keep  so 
many  other  air  line  valves  in  working  order. 

DUNHAM  VACUO  VAPOR  SYSTEM 

is  simply  a  low-pressure  system  of  heating  that  works  upon  pressure,  vapor,  and 
vacuum,  without  necessitating  the  use  of  a  vacuum  inim]i.  It  is  particularly 
applicable  to  residence,  apartment  house,  and  church  heating  where  low  pres- 
sure (below  5  lbs.)  boilers  are  used. 

Complete  information,  catalog  and  prices  ivill  be  sent  on  application. 

The  Dunham  System  is  installed  in  such  buildings  as  the  Woolworth  Bldg., 
N.  Y.;  80  Maiden  Lane  Bldg.,  N.  Y.;  Insurance  Exchange  Bldg.,  Chicago; 
Sherman  Hotel,  Chicago,  and  hundreds  of  other  buildings  all  over  the  countrv. 
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Steam   Specialties 


FOSTER  ENGINEERING  CO. 

NEWARK,  N.  J. 

MANUFACTURING   ENGINEERS  OF  AUTOMATIC  VALVE  SPECIALTIES 

Ukanch  OiriiE.s:     CHICAdO     PHILADELPHIA     BOSTON     PITTSBIRGH 


PRESSURE  REGULATOR— CLASS  "W" 

For  Maintaining  a  Constant  Uniform  Delivery  Pressure 
from  a  Higher  Initial  Regardless  of  Variations  in  the 
Boiler  Pressure  or  Source  of  Supply.  For  Service  on 
Steam,  Water,  Gas  and  Air. 

Its  "compensating  spring  and  toggle  lever 
arrangement"  makes  it  phenomenally  sensi- 
tive, accurate  and  reliable.  Has  no  weights, 
levers,  or  close-fitting  j^iston  or  parts  to 
cause  friction,  ^'ery  simple  in  construction 
and  adjustment.  Made  in  sizes  ^-inch  to 
1-inch  of  composition;  larger  sizes,  iron  body, 
composition  mounted.  Sizes  2K-inch  and  up 
arefittedwith?Y/^e»Y;6/csfrr/.s.  forged  steel  stem 
and  levers — insuring  durability  and  minimum 
repairs.  Thousands  are  in  use  today  in  all  civ- 
ihzed  countries  and  is  the  "standard"  of  many 
large  power  and  manufacturing  plants. 

LEADING  FEATURES: 

6, 


7. 

8. 

9. 
10. 
11. 

12. 


Full  compensating  spring  movenipnt,  exert- 
ing an  unvarying  pressure  on  the  dia- 
phragm. 

Renewable  seat  rings. 

Drop  forge  stem,  lovers,  toggle  levers  (case 
hardened)  insuring  durability. 

Great  simplicity  of  construction  and  opera- 
tion. 

Full  steam  way  through  the  valve. 

ORDERS  FOR  PRESSURE  REGULATING  VALVES  SHOULD  SPECIFY 

Initial  or  boiler  pressure. 

IVIaximum  and  minimum  delivery  pressure. 

Connections — screwed     or     tianged     ends, 

giving  diameter. 
Sizes  of  both   pipes  leading  to   and  from 

regulator. 
Device  or  system  to  which  it  is  to  be  applied. 
For  high  or  low  pressure  service. 


S. 


Small  inovement  of  diaphrap^m — insuring 
long  life. 

No  friction  of  parts — note  illustration. 

No  small  ports  to  clog. 

No  dash  pot. 

Noiseless — no  chatter. 

Absolutely  automatic  after  adjustment  as 
to  pressure. 

Every  regulator  carefully  tested  at  pres- 
sure ordered  bpfore  leaving  factory. 


Size  of  valve  preferred  and  if  we  will  be  per- 
mitted to  send  a  smaller  size  if  we  deem  a 
smaller  valve  will  give  better  results.  By 
following  our  suggestions  we  often  save 
considerable  money  for  our  users. 

Any  additional  information  towards  an 
intelligent  understanding  of  your  require- 
ments will  insure  your  receiving  a  valve 
best  suited  to  meet  conditions. 


FOSTER  CLASS  "G"  PRESSURE  REGULATING  VALVE 

FOR  INTERMITTENT  SERVICE 

A  decided  innovation,  so  extremely  sensitive  and  withal 
so  reliable  that  delivery  pressure  may  be  adjusted  from 
zero  to  within  a  fraction  of  the  initial  pressure,  and  at 
point  of  adjustment  the  delivery  will  remain  constant, 
regardless  of  variation  in  initial  pressure  or  volume  of 
discharge. 

^^'ill  operate  equally  well  on  horizontal  or  vertical 
pipe;  upright,  inverted  or  inclined  at  an}^  angle. 

Although  of  wide  range  of  operation,  no  part  of  this 
valve  is  of  delicate  construction  or  easily  deranged. 

Orders  should  state  initial  and  delivery  pressures, 
connections,  service  and  approximate  volume  of  dis- 
charge.    (See  above.) 

Made  in  all  sizes,  }4-mch.  to  12-inch.  Sizes  2-inch 
and  smaller  of  composition  only.  Larger  sizes,  iron 
body,  composition  trimmed.  Screwed  and  flanged  con- 
nections. Also  make  larger  sizes  in  composition  on 
order  onh\ 

Prices  on  application. 

Write  for  complete  Catalogue. 
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Steam  Specialties 


HARRISON   SAFETY  BOILER  WORKS 

3199  N.  17th  ST.,  PHILADELPHIA,  PA. 

COCHRANE  FEED  WATER  HEATERS,  COCHRANE  STEAM  AND  OIL  SEPARATORS, 
SORGE-COCHRANE  HOT  PROCESS  SYSTEM  OF  WATER  SOFTENING,  COCHRANE 
MULTIPORT  SAFETY  EXHAUST.  OUTLET  VALVES. 


Showing  general 
construction  of  hor- 
izontal form  of 
Cochrane  Separa- 
tor 


COCHRANE  STEAM  SEPARATORS  protect  engines, 
turbines  or  pumps  from  damage  by  water  brought  over  from 
the  boiler  by  priming,  or  condensed  in  pockets  in  the.  steam 
hne.  They  also  remove  the  small  percentage  of  water  or 
moisture  alwaj-s  present  in  steam,  thereby  permitting  the 
saving  of  from  25  to  50%  of  the  cylinder  oil,  while  obtaining 
better  lubrication  with  less  friction  and  w^ear.  The  removal 
of  the  water  from  steam  used  by  turbines  results  in  improved 
economy,  and  reduces  blade  erosion.  Full  particulars,  sizes 
and  dimensions  are  given  in  our  "Separator  Catalog." 

COCHRANE      RECEIVER      SEPARATORS 

are  distinguished  by  extra  large  wells  or  receivers, 

which  not  only  provide  storage  for  large  volumes 

of  water  until  drained  away  by  the  trap,  but  also 

act  as  reservoirs  for  steam,  and,  being  placed 

close  to  the  engine  throttle,  equahze  pulsations 

in  the  steam  line  and  maintain  a  higher  average 

pressure  in  the  steam  chest,  while  permitting 

the  use  of  smaller  piping  and  fittings,  which  are 

less  expensive  in  first  cost,  maintenance  and  loss 

of   heat   by  radiation.      Write  for   Engineering 

Leaflet  No.  10  on  "Recent  Developments  Affecting 

the    Use  of  Separators  in  Connection  with  Live 

and  Exhaust  Steam  Piping." 

COCHRANE    OIL    SEPARATORS    installed    in    exhaust    lines 

from  steam  engines  thoroughly  purify  the  exhaust  steam  of  grease 

or    cylinder    oil,    so    that    the    steam    can    be    used  safely  and 

satisfactorily  for  heating  water  by  actual  contact,  or  in  heating 

or  drj'ing  coils,  exhaust  turbines,  absorption  ice  machines 
and  other  apparatus,  and  so  that  the  condensate  from  such 
apparatus  may  be  returned  and  fed  to  the  boiler,  or  utilized 
for  industrial  purposes.  Over  10,000,000  H.P.  of  boilers 
are  protected  against  oil  by  Cochrane  Separators.  Ask  for 
a  copy  of  our  "Separator  Talks." 

COCHRANE  RECEIVER  OIL  SEPARATORS  are  used 
in  connection  with  mixed  flow  or  exhaust  turbines,  not  only 
to  remove  the  water  and  oil  from  the  steam  before  it  enters 
the  turbine,  but  also  serving  as  muffle  tanks  or  expansion 
chambers,  wherein  the  intermittent  flow  of  steam  from  the 
engine  to  the  turbine  is  equalized.  We 
shall  be  glad  to  submit  suggestions  re- 
garding any  particular  case  upon  re- 
ceipt of  information.  See  Leaflet  Xu.  10. 
THE  COCHRANE  OPEN  FEED  WATER  HEATER 
serves  as  a  rece])tacle  in  which  the  boiler  feed  is  heated  to 
the  full  temperature  possible  by  means  of  exliaust  steam. 
Spraying  the  water  through  the  steam  bath  of  the  heater 
drives  ofT  air  and  gases  (rendering  the  water  non-corro- 
sive) and  brings  about  the  precipitation  of  scale-forming 
carbonates.  The  Cochrane  Heater  also  performs  the 
functions  of  an  automatic  make-up  water  regulator,  feed- 
water  skimming  tank  and  filter,  oil  separator  and  expan- 
sion or  muffle  tank.  Cochrane  Heaters  are  made  in  all 
sizes,  up  to  20,000  H.P.  Our  catalog  of  "Cochrane  Heaters 
and  Their  Use  in  Condensing  and  Non-Condensing  Steam 
Power  Plants,"  at  your  request. 
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Cochrane  Horizon- 
tal    Oil     Separator 


Interior  view  of  Cochrane 
Open  Feedwater  Heater 


Feed  JVater  Heaters 


HARRISON    SAFETY  BOILER   WORKS 


COCHRANE  HORIZONTAL  CYLINDIUCAL 
HEATERS  are  especially  adapted  for  situations 
where  headroom  is  Hmited,  or  where  it  is  desired 
to  provide  large  water  storage  volume. 

COCHRANE  HEATERS  EQUIPPED  WITH 
EXTRA    LARGE    STORAGE    CAPACITY    are 

supplied  to  paper  mills,  tanneries,  textile  mills, 
and  other  plants  wherein  the  storage  of  hot  water 
in  large  quantities  is  required. 


Heater  with  Extra  Large  Capacity 
for  Storing  Hot  Water 


COCHRANE    STEAM-STACK    AND    CUT- 
OUT VALVE    HEATERS    AND   RECEIVERS 

save  from  $50  to  $500  on  the  first  cost  of  equipping  plants  where  the  surplus 
exhaust  steam  not  required  in  heating  the  boiler  feed  water  is  utilized  in  ex- 
haust steam  heating  or  drying  systems  or  in  low-pressure  turbines  or  absorption 
ice  machines.  The  extra  large  separator  attached  to  the  heater  is  of  sufficient 
capacity  to  purify  of  oil  all  steam  exhausted  by  engines,  pumps,  etc.,  thus  saving 
the  cost  of  an  independent  separator  with  trap  in  a  by-pass  around  the  heater. 
Valves  incorporated  in  the  application  of  this  heater  in  connection  with  the 
leading  commercial  exhaust  steam  heating  systems  is  explained  in  our  "Exhaust 

Steam  Heating  Encyclopedia,"  sent    upon    request. 

The  formation  of  hard  scale,  and  corrosion  , 
within  the  boilers  are  prevented  bv  the  SORGE- 
COCHRANE  HOT  PROCESS  WATER  SOFTEN- 
ING SYSTEAI,  which  also  performs  all  the  func- 
tions of  the  Cochrane  Open  Feed  Water  Heater. 
No  lime  is  required,  the  feeding  of  the  one  reagent 
is  therefore  simple  and  automatic,  and  the  appa- 
ratus can  be  looked  after  by  ordinary  boiler  room 
labor.  Ask  for  pamphlet  "What  Scale  Does  to 
Boilers"  and  "Hot  Process  System  Catalog." 

THE  COCHRANE  MULTIPORT  SAFETY 
EXHAUST  OUTLET  VALVE  is  designed  to  re- 
lease steam  and  prevent  the  accumulation  of  pres- 
.sure  in  exhaust  steam  heating  systems,  surface  con- 
densers, etc.  The  use  of  a  number  of  small  disks 
instead  of  one  large  disk  results  in  less  danger  of 
sticking,  larger  discharge  opening  and  reduced 
weight  and  travel  of  disk.  The  position  of  the 
disk  and  the  pressure  are  readily  adjusted  by  a 
pressure  plate  to  suit  the  degree  of  back  pressure 

required,  there  being  no  heavy  weights 

to  lift.     Send  for   Engineering   Leaflet 

Xo.  11. 

ENGINEERING   SERVICE 

Write  us  concerning  the  conditions 
in  your  plant,  and  the  changes  con- 
templated, and  we  shall  be  glad  to 
give  suggestions  as  to  the  best  arrange- 
ment of  apparatus  to  secure  the  results 
desired.  We  have  had  twenty  years 
of  experience  with  steam  plants 
aggregating  10,000,000  H.  P. 

Address  Eng.  Dept.,  Harrison  Safety 
Boiler  Works,  3199  N.  17th  St.,Phila.,Pa. 
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Cochrane  Steam-Stack  and  Cut- 
Out  Valve  Heater  and  Receiver 

(Patented) 


Cochrane  Multiport  Safety  Exhaust 
Outlet  Valve 

(Patented) 


Steam  Specialties 


KIELEY  AND  xMUELLER 


34  WEST  13TH  ST. 


NEW  Y()RK  CITY 


MANUFACTURERS   OF   A    COMPLETE    LINE    OF    HIGH    GRADE   STEAM,  WATER  AND 
AIR  SPECIALTIES  FOR  MODERN  HEATING,  POWER  AND  PLUMBING  INSTALLATIONS. 


HIGH  PRESSURE  PILOT  REDUCING  VALVE 

Suitable  for  reducing  steam  pressures  from  the  initial  or  high 
pressure  carried,  down  to  any  pressur(>  cm  the  reduced  .side 
above  5  pounds  that  may  be  desired. 

Made  especially  for  reducing  extreme  higli  pressures;  tested 
to  a  pressure  of  400  pounds;  will  positively  limit  the  reduced 
pressure  to  whatever  it  is  set  at ;  the  only  valve  of  this  type  in 
which  the  metal  diaphragm  can  be  renewed  without  shutting 
steam  off  the  line. 

Guaranteed  to  deliver  an  absolutely  steady  reduced  pressure, 
even  though  there  is  a  variation  of  initial  pressure. 

The  sectional  cut  shows  this  valve  is  of  the  single  seat  type, 
in  consequence  of  which  difference  in  the  expansion  of  the 
metals  of  which  it  is  constructed  does  not  prevent  it  from 
closing  absolutely  tight,  under  the  highest  pressures. 


KIELEY   STEAM   TRAPS 

The  few  wearing  parts  are  of  standard 
gauge  and  interchangeable,  obtained  at  a 
minimum  of  cost,  easily  and  readily  placed 
in  position  without  breaking  a  single  pipe 
connection.  By-pass  arrangements  a  feat- 
ure and  part  of  each  trap,  and  many  other 
desirable  features,  recognized  by  all  fam- 
iliar with  these  goods. 

Style  A — low-pressure,  for  pressures  from 
1  to  30  pounds  per  scj.  inch.  Style  B — high- 
pressure,  Un-  pr<>ssures  frcjm  30  to  12.")  pounds 
per  sq.  inch.  Style  C — extra  heavy,  for 
pressui'es  ranging  from  125  to  2.")0  pounds 
per  sq.  inch. 

OTHER  PRODUCTS 

Reducing  Valves  for  steam,  water,  air,  etc. 
Back  Pressure  Valves  for  all  purposes. 
Atmospheric  Relief  Valves  for  all  purposes. 
Steam  Traps  for  all  purposes. 
Damper  Regulators  of  various  kinds. 
Hot  Water  Temperature  Controllers. 
Steam  and  Water  Separators. 
Oil  and  Grease  Extractors  (especially  our  1906 

type). 
Pump   UcKuIators. 
Water  Pressure   Regulators. 
Water  Feeders. 
Return  Steam  Traps. 
Feed   Water   Regulators. 
Grease  and  Oil  Traps. 

NOTICE: — Trade  Mark  "KILEMUL"  appears  on  all  our  specialties,  and  are  known  by 
that  name.     Kindly  order  or  specify  accordingly. 

COMPLETE  CATALOGUE  SENT  ON  REQUEST. 


Standard  Style  C 
Extra  Heavy 


Water  Arches. 

Emergency  Valves. 

Low  Water  Alarms. 

High  and  Low  Water  Alarms. 

Strainer  Connections  of  various  kinds. 

Drip  Tank  Controllers. 

Float  Valves. 

Tank  Pump  Controllers. 

Pump  Governors  and   Receivers. 

Combination    Muffler    and    (irease    Extractor 

Tank,    Receiver,   Pump    Governor,    Pump 

and  Feed  Water  Heater. 
Grease  Extractor  and  Purifier 
Waste  Heat  Utilizers. 
Feed  Water  Heater,  etc. 
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Auto)}ialir   Relief  Falves 


AUGUSTUS   MOWELL 

249  CJRAHA^r  AVE.  PATERSON,  N.  J. 

MOWELL' S  AUTOMATIC  RELIEF  VALVE 
FOR  STEAM  HEATING  SYSTEMS 


small  vent  k' .  When  steam  enters  the 
through  the  radiator  and  finds  its  way 
water  is  followed  by  air,  which,  being 
ing  directly  through  nijjple  j,  escapes 
indirectly  through  vent  k'.  Finally,  the 
.steam  following  the  air,  attempts  to 
escape  through  k,  but  this  at  once  stops 
because  a  globule  of  condensed  .steam 
forms  and  obstructs  k'. 

It  will  be  clear  at  once  that  whereiis 
water  and  air  are  immexliately  with- 
drawn from  the  system,  there  is  no 
appreciable  waste  of  steam;  in  con- 
se(iuence  of  the  immediate  removal  of 
the  water  and  air,  followed  direct  ly  by 
st(>um  filling  each  radiator,  the  radinlors 
heat  up  immediately  the  system  is  put 
into  o])eration. 


USERS  OF  MOWELL'S  AUTOMATIC 
RELIEF  VALVE 

Meisch  IMfg.  Co.,  Mills:  Paterson,  X.  .J. 

I.A.Hall, 

Henry  Doherty,        "  Lakeview,  Paterson,  N.  .1. 

P.  S.  \an  Kirk  Co.,  Mills:  Paterson,  N.J. 

Pioneer  Realty  Co.,        "  "  " 

Ralph  Rosenheim,  "  " 

Garfield  Worsted  Spinning  Mills,  Garfield,  X.  .1. 

Atchison  Harding,  Mills,  Passaic,  N.  .1. 

R.  N.  Bassett  Co.,  Shelton,  Mass. 

Ira  White  Co.,  Bloomfield,  X.  J. 

F.  H.  Levey  Co.,  Brooklyn,  N.  Y. 


MOWELL'S  AUTOMATIC 
RELIEF  VALVE 

The  adjoining  cut  is  self-explanatory. 
This  valve  has  no  moving  jjarts;  nothing 
to  get  out  of  order.  Access  to  the  valve 
is  readily  had  for  the  purpose  of  cleaning, 
removing  sediment,  etc. 

It  is  a  perfect  Valve  for  use  where 
exhaust  or  other  low  pressure  steam  is 
u.sed  in  the  heating  systems. 

The  construction  is  very  simple:  Cham- 
ber a  has  a  nipple  j  extending  up  from  the 
bottom  and  forming  the  outlet  to  pipe  s; 
the  top  of  this  nipple  is  approximately  in 
the  same  level  as  the  top  of  inlet  v.  In 
chaniber  a  is  a  depending  cylinder,  which 
projects  far  enough  down  to  form  with 
nipple  J  a  water  seal;  this  cyhnder  has  a 
.'system,  water  of  condensation  first  passes 
out  through  chamber  a,  via  nipple  j.  This 
prevented  by  the  water  seal  from  escap- 


Sectional  view  of  valve  showing  interior  parts  as 
in  use,  except  that  screen  has  been  fastened  up 
to  show  water  seal. 
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Regulating  Appliances 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS. 

REGULATING  APPLIANCES  FOR  STEAM,  WATER  OR  AIR.  A  partial  list  of  our  product 
is  given  below.  For  a  more  complete  and  detailed  description  of  the  following  and  of  many  other 
devices,  see  our  general  catalog. 


MASON  ALL-BRONZE  REDUCING  VALVES 

The  Mason  Standard  Reducing  Valve  reduces  and 
maintains  even  pressure  of  steam  or  air  regardless  of 
the  variation  of  the  initial  pressure  or  of  the  volume 
of  steam  or  air  required.  It  automatically  reduces 
boiler  pressure  for  steam  heating  systems  of  all  types 
(vacuum  systems  included),  central  heating  plants, 
engines,  paper  machines,  slashers,  dye  kettle  and  all 
situations  where  it  is  desirable  to  use  a  lower  pressure 
than  that  on  the  boiler. 


MASON  ALL-BRONZE  BALANCED  VALVES 

Mason  All-Bronze,  Balanced  Valves  with  Yoke 
and  Lever,  are  used  to  control  pumps,  engines, 
and  the  like,  by  means  of  tank  floats  or  cords  to 
distant  points,  and  also  in  connection  with  vari- 
ous devices  for  controlling  the  flow  to  water 
wheels,  receivers,  open  heaters,  and  other  simi- 
lar devices.  They  can  be  relied  upon  in  any 
situation  requiring  a  valve  to  be  operated  with  a 
minimum  amount  of  power. 


MASON  STEAM  PUMP  PRESSURE  REGULATOR  FOR 
HYDRAULIC  ELEVATOR  SERVICE 

The  Mason  Steam  Pump  Pressure  Regulator 
for  Hydraulic  Elevator  Service  was  designed  to 
meet  the  requirements  of  the  larger  sizes  of  steam 
pumps  operating  hydraulic  elevators.  The  impor- 
tant features  of  this  regulator  are  its  extreme 
sensitiveness  and  quick  action,  as  it  completely 
opens  or  closes  the  steam  valve  with  the  slightest 
variation  of  pressure. 

The  Mason  Steam  Pump  Pressure  Regulator  for 
Hydraulic  Elevator  Service  has  been  extensively 
used  during  the  past  fifteen  years  for   controlling 

steam  pumps  operating  hydraulic  elevators,  thousands  of  them  being  in 

use  and  giving  entire  satisfaction. 
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Regulating  Appliances 


MASON  STEAM  PUMP  SPEED  GOVERNOR 

The  Mason  Steam  Pump  Speed  Governor  is  to  the 
direct-acting  steam  pump  what  the  ordinary  ball 
governor  is  to  the  steam  engine.  It  derives  its 
motion  from  some  reciprocating  part  of  the  pump 
and  controls  a  balanced  valve  placed  in  the  steam 
pipe,  thereby  exactly  regulating  the  amount  of 
steam  to  the  requirements  of  the  pump,  and  auto- 
matically maintaining  a  uniform  speed,  regardless 
of  any  variation  of  steam  or  load. 


MASON    STEAM    PUMP    PRESSURE    REGULATOR 

The  Mason  Steam  Pump  Pressure  Regulator  is  de- 
signed for  fire,  boiler  feed,  air,  and  water  works  pumps, 
having  steam  supply  pipe  4"  or  smaller,  or  any  class  of 
pumping  machinery  where  it  is  necessary  to  maintain  a 
constant  pressure. 

The  regulator  is  entirely  self-contained.  It  is  placed 
in  the  steam  supply  pipe  to  the  pump  and  connected 
by  \"  pipe  to  the  discharge  system,  thereby  exactly 
regulating  the  amount  of  steam  to  the  requirements 
of  the  pump  and  automatically  maintaining  a  uniform 
discharge  pressure,  regardless  of  any  variation  of  steam 
pressure  or  demand  on  the  pump.  The  regulator  is  provided  with  a 
dashpot,  which  positively  prevents  the  pump  from  jumping  under  sudden 
changes  of  discharge  pressure. 

MASON  HORIZONTAL  PRESSURE-CONTROLLING  DEVICE 

The  Mason  Horizontal  Pressure-Controlling 
Device,  in  its  various  modifications,  is  used 
for  controlling  power  and  electrically  driven 
pi'rnps  of  all  types  and  on  all  classes  of  ser- 
vice, including  vacuum  systems.  This  device 
can  be  supplied  with  various  sizes  of  dia- 
phragms for  vacuums,  low  pressures,  and  pres- 
sures up  to  400  lbs.,  and  with  cup  leather 
packed  plungers  for  higher  pressures  up  to 
3000  lbs. 


MASON  HYDRAULIC  DAMPER  REGULATOR 

The  Mason  belongs  to  that  class  of  Regulators 
which  are  controlled  by  the  variation  of  the  boiler 
pressure,  the  motive  power  for  opening  or  closing  the 
damper  being  the  water  pressure,  which  can  either 
h)c  taken  from  the  street  main  or  from  the  boiler  itself. 
A  compensating  arrangement  is  provided  which 
prevents  the  Regulator  from  completely  opening  and 
closing  the  damper  at  each  slight  change  of  pressure. 
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MOREHEAD  MFG.  CO. 

DETROIT,  MICH. 

TILTING  STEAM  TRAPS,  RETURN,  NON-RETURN,  VACUUM  AND  CONDENSER 
TYPES,  FOR  DRAINING  HIGH  OR  LOW  PRESSURE  AND  VACUUM  HEATING 
SYSTEMS  OF  WATER  OF  CONDENSATION,  and  where  desired,  returning  the  condens- 
ation to  the  boiler  as  feed  water.  There  is  a  Morehead  Steam  Trap  to  meet  every  condition 
arising  in  a  steam  or  gas  plant. 


RETURN  STEAM  TRAP 


Morehead  Return  Steam  Trap 


The  Return  Steam  Trap  removes  water 
of  condensation  from  heating,  drying  and 
cooking  apparatus  and  returns  the  conden- 
sation direct  to  the  boilers  regardless  of 
any  difference  in  pressure  on  the  apparatus 
drained  and  the  boiler  or  whether  the  appar- 
atus is  located  above  or  below  the  water 
line.  It  is  admirably  adapted  for  use  as  a  lift 
pump  and  for  feeding  boilers  from  open  or 
closed  heaters.  It  handles  perfectly,  water 
at  any  temperature. 


Morehead  Non-Return 
Steam  Trap 


NON-RETURN  TRAP 

This  type  of  Morehead  Steam  Trap  is  especially 
adapted  to  the  removal  of  condensation  from  high 
or  low  pressure  steam  mains,  dryers,  heaters,  etc., 
and  delivering  the  water  to  an  open  tank,  hot  well 
or  feed  water  heater.  This  trap  has  a  removable 
seat  and  di.^c  in  the  valve.  It  discharges  from  low 
point,  insuring  an  effective  water  seal  nt  all  times. 
It  is  guaranteed  for  200  lbs.  working  pressure. 


VACUUM  TRAP 


Morehead  Condenser  Trap 

This  is  a  cut  of  an  actual  installation. 
The  check  valves  and  gage  shown  in 
cut  are  only  furnished  as  extras. 


The  Vacuum  Trap  removes  automat- 
icallyall  condensation  from  exhaust  lines 
and  oil  separators  operating  under  a 
vacuum  without  breaking  or  impairing 
Ihat  vacuum.  It  delivers  the  water  of 
condensation  to  any  desired  point  above 
or  below  the  location  of  the  trap  and  is 
guaranteed  not  to  affect  the  vacuum  in 
in  any  way. 

CONDENSER  TRAP 

The  Condenser  Trap  is  a  combina- 
tion of  the  features  of  a  Morehead  Auto- 
matic Return  Trap  and  the  Jet  or  Spray 
Condenser.  It  is  especially  adai)ted  to 
service  en  exhaust  steam  and  reduced 
pressure  heating,  cooking  and  drying 
apparatus.  The  positive  vacuuyn  iormed 
in  the  tank  of  the  trap  removes  rapidly  all 
condensation  in  the  system,  accelerates 
the  travel  of  the  steam  and  reduces  the 
back  i)ressure  on  the  engine. 
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Steam    Traps 


MOREHEAD  TILTING  NON-RETURN  STEAM  TRAPS 
Sizes  and  Capacities 


No. 

Inlet 
Inches 

Outlet 
Inches 

Capacity  in 

Water 

Discharged 

per  Hour 

Drainage 
Capacity  in 

1  inch 
Pipe  Lineal 

Capacity 

Square  Feet 

Direct 
Radiation 

Capacity 

Lineal  Feet 

Hot  Blast 

Heater 

Weight 

21 

1 

1 

200  gal. 

12000  ft. 

3000 

1300 

100 

22 

u 

u 

400   " 

25000   " 

5200 

2400 

175 

23 

u 

H 

600   " 

40000   " 

:       12000 

5200 

250 

24 

2 

2 

720   " 

60000   " 

1      21000 

9000 

275 

25 

2i 

9i 

^2 

900  " 

90000   " 

33000 

16000 

350 

26 

3 

3 

1300  " 

140000   " 

50000 

25000 

450 

MOREHEAD  TILTING  RETURN  AND  VACUUM  STEAM  TRAPS 
Sizes  and  Capacities 


No. 

Size  of 
Drum 

Size  of 
Inlet  and 

Outlet 
Connec- 
tions 

Inches 

Size  of 
Steam 
Pipe 
Connec- 
tions 
Inches 

1 

1 

u- 
u 

2 
2 

Capacity  of 

Water  in 

Lbs.  per 

Hour 

Drainage 

Capacity 

in  feet  of 

1  inch  Pipe 

Lineal 

Capacity 

Square  Feet 

Direct 

Radiation 

Capacity 
Lineal 

Feet  Hot 

Blast 

Heater 

Weight 

1  10x24        1 

2  12x30        U 

3  14x36        U 

4  [16x40        2 

5  [18x42        2| 

6  18x421       3 

1 

1050 
1850 
4000 
6000 
11000 
15000 

5000 
9000 
20000 
35000 
50000 
75000 

2300 

4000 

9000 

16000 

25000 

40000 

1000 
1800 
4000 
7000 
12000 
18000 

100 
175 
250 
275 
350 
400 

The  above  capacities  ai'e  figured  on  a  basis  of  50  pounds  pres.sure  to  the 
square  inch.  The  above  drainage  capacity  in  inch  pipe  is  based  on  ordinary 
radiating  conditions.  For  lumber  kilns,  greenhouses  and  moist  goods, 
divide  by  two.  For  laundries,  brick  drj-ers  and  wet  goods,  divide  by  three. 
For  fan  stacks  and  blowers,  divide  by  five. 

NOTE — 3  feet  of  1  inch  piije  equals  one  square  foot  of  surface.  2.3  feet  of  1 J  Inch  pipe  equals 
one  square  foot  of  surface.  2  feet  of  1^  inch  pipe  equals  one  square  foot  of  surface.  1.61  feet  of 
two  inch  pipe  equals  one  square  foot  of  surface. 

MOREHEAD   RECEIVERS 


No. 

Length 
Inches 

Height 
Inclies 

Diame- 
ter 
Inches 

1 
2 

30 
40 

16 
20 

10 
12 

No.  1  Receiver  has  capacity  for  Traps  Nos.  1  and  2.  No.  2  Receiver 
has  capacity  for  Traps  Nos.  3,  4,  5  and  6. 

We  will  be  glad  to  advise  regarding  the  installation  of  traps  to  meet  the 
conditions  of  j'our  steam  system. 
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overnors 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONNECTICUT 
GOVERNORS  FOR  STEAM  ENGINES,  GAS  ENGINES,  STEAM  TURBINES, 
MECHANICAL  CONTROL  AND  POWER  REGULATION. 


Owing  to  the  absence  of  joints  our  CJovernors  are  very  responsive  to  slight 
changes  in  load,movingquickly  and  positively  into  correct  position  for  main- 
taining the  admission  of  steam  proportionate  to  the  duty  required  of  the 
engine.  Absence  of  joints  gives  maintenance  in  efficiency  under  continued 
and  severe  duty. 

Speed  Rangers  are  incorporated,  permitting  wide  range  in  adjustment  of 
Engine  speed  while  running. 


Class  A 


Class  B  Vertical 


Gov.  with  Stop  Valve 


Class  A  Governors  are  equipped  with  safety 
stop  which  shuts  off  steam  from  the  engine 
if  governor  drive  belt  should  break.  Class 
B  are  not  equipped  with  safety  stop.  Hori- 
zontal B  is  never  provided  with  safety  stop. 
Governor  with  stop  valve  does  away  with 
joint  between  governor  and  valve. 


Detail  of  Speed  Ranger 


Class  B  Horizontal 


TABLE  OF  DIMENSIONS,  ETC.,  FOR  CLASSES  A  AND  B 


Diameter  of  Opening 
Size  of  Governor 


U    1 


1\     2^ 


From  center  of  Inlet  to  base.  . 

Extreme  Height 

Extreme  expansion  of  Balls. 

Speed  of    Governor 

Dia.  of  PuUuv  on  Gov 

Dla.  of  C vl.  300  ft.  Piston  Sp . 

"    "    "     400  

"    "    "     500  "      " 

'     600  "      " 


3i     3^     4} 
20,3. 23 1^25  A 

7       8       ■ 
350  380 


380 
3^ 


4i     5Je   5i  I  6H  1^^  7A 
27J27||32,%  33^41^41^ 


10  I  10 
340340 


8  I  8^1  9  10 
461 49  J  I  49153  J 
15  '  16^!  16^ 


275  275 
5 


lU 

55J 

20 

260  1260 

7 


Hi 

60J 
20 
225 
8 
45 
39 
35 
32 


For  complete  table  and  for  sizes  below  l|~see  our  general  catalogue. 
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Steam  Separators  and  Traps 


POTTER  SEPARATOR  CO. 

NEW  YORK 
WYOMING   ELIMINATORS  AND  STEAM  TRAPS 

Manufactured  by  W.  H.  Nicholson  &  Co.,  Wilkes-Barre,  Pa. 


The  purpose  of  a  Steam  Trap  is  to  discharge  water,  and  the  price  and  efficiencj- 
of  any  trap  is  governed  by  its  discharging  capacity.  When  buying  a  trap  tlie 
size  of  inlet  and  outlet  connections  are  of  littlo  consequence,  but  ascertain  the 
area  of  the  discharge-valve  opening.  The  discharge-valve  openings  on  Wyom- 
ing Ehminators  and  Steam  Traps  range  between.  1"  and  4"  in  diameter — hence 
the  ability  of  these  traps  to  discharge  large  quantities  of  water. 

The  Wyoming  EUminator,  a  combination  steam  separator  of  first-class  design 
and  Piston  Operated  Trap,  both  separates  and  discharges  all  moisture  from  the 
steam.  It  is  an  absolutely  reliable  machine  for  arresting  "slugs"  of  water  and 
discharging  them  at  the  proper  moment.  It  is  made  in  all  sizes  from  2)/^"  to 
16",  and  in  Horizontal,  Vertical,  or  Angle  type. 


The  Wyoming  Piston  Operated  Trap  is  designed  especially  for  the  purpose 
of  taking  care  of  large  quantities  of  condensation,  such  as  draining  Receiver 
Separators,  long  steam  Unes,  etc.,  and  is  guaranteed  in  every  respect. 

DIMENSIONS  OF  "THE  WYOMING"  PISTON  OPERATED  STEAM  TRAP 


No. 

Inlet 

1 

IM" 

2 

2" 

3 

2H" 

4 

3^" 

5 

Wi" 

Outlet 


1" 

IM 

2" 

3" 

4" 


Discharge 
Valve 


1" 

13-2' 

2" 

3" 

4" 


Water  discharged 
per  hour  in  Gals. 


2400 

4200 

6500 

11520 

21000 


Weight. 

132  lbs 
260  •• 
325  •' 
340  " 
700     " 


NOTE. — Capacity  of  discharge  based  on  100  lbs.  pressure. 
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Coal  and  IV ater  Weighers 


AVERY  SCALE  COMPANY 

NORTH   MILWAUKEE,    WIS. 

AUTOMATIC  WEIGHING  AND  RECORDING  MACHINERY 


Coal  and  Water  Scales 


THE  AVERY  COAL  AND  WATER 
WEIGHERS 

These  scales  have  been  specially  de- 
signed to  weigh  both  coal  and  water.  They 
automatically  weigh  and  register  every 
pound  of  coal  or  water  passed  through 
them.  They  are  made  in  all  sizes  to  weigh 
any  desired  quantity  per  hour. 


TRUCK  TOTALIZER 

This  scale  automatically  weighs  all  cars 
passing  over  the  platform  and  registers 
the  net  weights  upon  our  patent  counter, 
so  that  the  total  for  any  period  can  be 
immediately  ascertained.  The  number  of 
trucks  weighed  is  also  recorded  upon  a 
separate  counter. 

About  one-fourth  horse-power  is  re- 
quired to  o{)erate  this  mechanism,  and  (he 
weight  of  the  car  upon  the  platform  auto- 
matically starts  the  weighing  mechanism. 

Empty  cars  passing  over  the  platform 
do  not  affect  the  scale. 

This  scale  can  be  fitted  if  desired  with 
Avery's  Patent  Printing  Apparatus,  by 
means  of  which  the  individual  weights  are 
printed  on  a  tape  or  ticket. 


CONVEYOR 
SCALES 

This  automatic  con- 
veyor scale  will  continu- 
ously weigh,  record  and 
total  the  weight  of  coal 
travelling  upon  any  type 
of  conveyor. 


Truck  Totalizer 


Conveyor  Scales 
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Venturi  Meters 


BUILDERS  IRON   FOUNDRY 

PROVIDENCE,  H.  I. 

VENTURI  METERS  FOR  COLD  WATER,  HOT  WATER,  BRINE,  CHEMICAL  SOLUTIONS, 
SEWAGE,  STEAM,  GAS  AND  AIR;  GLOBE  SPECIAL  CASTINGS  FOR  WATER  WORKS; 
GRINDING  MACHINERY;  POLISHING  MACHINERY. 


A  complete  VENTURI  METER  consists  of  a  Venturi 
Meter  Tube  and  a  Register  or  other  Instrument. 

The  METER  TUBE  is  set  directly  in  the  pipe  line. 

The  REGISTER  may  be  set  at  a  considerable  distance 
from  the  Meter  Tube  to  which  it  is  connected  by  two 
small  jiipes  transmitting  pressure  only. 

The  Instrument  shown  by  the  cut  has  three  dials :  The 
upper  dial  makes  a  continuous  graphical  chart  record  of 
previous  rates  of  flow.  The  middle  dial  shows  the  total 
quantity  of  water  which  has  already  passed.  The  lower 
dial  shows  the  exact  rate  of  flow  at  the  moment  of 
observation. 

A  VENTURI  METER  in  the  discharge  main  from 
any  kind  of  a  Pump  is  the  best  possible  check  upon  its 
performance. 

With  CENTRIFUGAL  PUMPS  it  shows  whether  the 
makers'  guarantee  has  been  met  and  whether  there  is 
subsequently  any  falling  off  or  improvement.  It  enables 
tests  to  be  made  at  any  time  to  determine  the  most 
efficient  combination  of  speed  and  head.  It  shows  whether 
the  impeller  becomes  worn  or  partially  clogged  with  debris. 

With  RECIPROCATING  PUMPING  ENGINES  it  is  an  unquestioned 
arbiter  during  the  official  acceptance  duty  test.  It  shows  the  exact  percentage 
of  "slip"  and  indicates  when  the  rubber  pump  valves  should  be  renewed.  It 
shows  whether  "short-stroking"  of  piston  travel  is  excessive. 

With  BOILER  FEED  PUMPS  it  enables  the  engineer  to  determine  the 
"evaporation,"  (pounds  of  water  per  pound  of  coal).  It  can  accurately  measure 
extremely  hot  waters  as  there  is  nothing  to  wear  out  or  get  out  of  order. 

Special  VENTURI  METER  TUBES  and  Special  INSTRUMENTS  are  furnished  when  the 
conditions  warrant  them.  For  instance,  the  cones  of  the  Meter  Tube  are  sometimes  constructed 
of  sheet  steel,  wood  .staves,  reinforced  concrete,  etc.  Bulletin  No.  71  describes  four  very  special 
84:  inch  Tubes  at  Wachusett  Dam,  Metropolitan  Water  Works,  Boston,  Mass.  Bulletin  No.  72 
describes  three  17  ft.  6  inch  diameter  Meter  Tubes  with  reinforced  concrete  cones  on  new  Cats- 
kill  Aqueduct  Supply  for  New  York  City. 

Descriptive  Bulletins  sent  upon  request. 
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Governors 
I 


THE  LOMBARD  CxOVERNOR  CO. 

ASHLAND,  MASS. 

HYDRAULIC  GOVERNORS  FOR  ALL  PRIME  MOVERS;  WATER  RELIEF  VALVES, 
MECHANICALLY  AND  HYDRADLICALLY  OPERATED;  SPEED-RECORDING  AND 
INDICATING  INSTRUMENTS;  WATER-LEVEL  RECORDERS  AND  FREQUENCY 
RECORDERS. 


STANDARD  GOVERNORS 


Type 

Style 

Capacity  in  ft.  lbs. 

Shipping  Weight 

Time  of  stroke  in 

per  stroke 

in  pounds 

seconds 

F 

Horizontal 

2,500 

2,000 

1 

R 

Vertical 

2,500 

2,550 

1 

M 

Horizontal 

4,500 

2,500 

2 

P 

Horizontal 

6,700 

2,500 

3 

PS 

Horizontal 

6,700 

2,600 

1 

R6' 

Vertical 

6,700 

3,150 

3 

Q6' 

Vertical 

6,700 

3,250 

1 

06' 

Horizontal 

10,000 

3,000 

4 

0S6' 

Horizontal 

10,000 

3,100 

1 

R7i' 

Vertical 

10,000 

3,400 

4 

Q7i' 

Vertical 

10,000 

3,500 

1 

07i' 

Horizontal 

16,000 

3,250 

4 

os7r 

Horizontal 

16,000 

3, .350 

1 

QIO' 

Vertical 

20,000 

7,300 

1 

NS 

Vertical 

30,000 

7,.500 

2 

N14' 

Vertical 

60.000 

11,500 

3 

A  largejpart  of  our  business  is  the  designing  and  building  of  special  govern- 
or.s  for  direct  connection  without  the  use  of  gears  or  other  intermediate  devices- 

GOVERNOR  ACCESSORIES 

Electric  Speed  Controls  of  various  types  for  manipulation  of  governors 
from  switchboards  or  any  distant  points. 

Safety  Emergency  Stop  device;  can  be  arranged  for  distant  control. 

Pressure-Control  Mechanism  for  governing  at  variable  speed  and  constant 
pressure  of  air  or  water. 

Pipe  Line  Pressure-Equalizing  Device,  for  reducing  water  hammer. 

Water  Relief  Valves,  in  sizes  3"  to  23",  to  meet  all  requirements. 

Precision  Tachometer,  10"  dials;  scales  calibrated  to  order. 

Speed  Recorder  for  permanent  and  accurate  records. 

Electrical  Long  Distance  Speed  Indicators,  for  transmitting  speed  indica- 
tions to  any  point. 

Frequency  Recorders  for  permanent  and  accurate  records. 

Water-Level  Recorders;  draws  large  scale  curves. 
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Meters  and  (Controllers 


SIMPLEX  VALVE  AND  METER  CO. 

PHILADELPHIA,  PA. 

VENTURI  AND  PILOT  TUBE  METERS,  RATE  OF  FLOW  CONTROLLERS;  LOSS  OF  HEAD, 
RATE  OF  FLOW,  AND  WATER  LEVEL  GAUGES,  ALTITUDE  VALVES  FOR  RESERVOIRS 
AND  RAILROAD  WATER  TANKS,  AUTOMATIC  AIR  AND  VACUUM  VALVES.  CHEMICAL 
FEED  DEVICES,  AND  OTHER  HYDRAULIC  APPARATUS  OF  SPECIAL  DESIGN. 


Standard  setting  for  low  pressure  type  where  Piezometric  level  of  wafer  in  main  is  below 
desired  location  of  meter  register 

SIMPLEX  TYPE  "G"  WATER  METER 
Our  type  "G"  Simplex  meter,  which  is  thoroughly  covered  by  pending  United 
States  patents,  is  based  on  the  principles  discovered  in  1904,  finally  perfected  in 
1909  and  fully  developed  and  tested  out  in  1910.  The  important  features  are 
the  ability  to  measure  all  flows  from  zero  to  any  desired  maximum  without  theo- 
retical or  practical  limitation. 

It  consists  of  some  form  of  orifice  such  as  a  Venturi  Tube,  pitot  tube  in  a  water 
main,  any  form  of  conduit,  or  canal,  and  having  suitable  pipe  connections 
therewith.  The  apparatus  consists  of  a  mercury  float  chamber,  and 
resting  therein  a  float  of  such  variable  cross  section  that  its  movement  is  in  direct 
ratio  to  the  flow  of  water  through  the  Venturi  tube,  pipe,  conduit,  or  canal. 
The  movement  of  the  float  actuates  a  revolving  shaft  to  which  is  attached  a  hand 
pointing  to  a  fixed  dial  with  uniform  graduations.  Attached  to  the  shaft  and 
moving  in  proportion  to  the  angular  deflections  thereof  is  a  pen  in  contact  with 
a  rectangular  chart  wrapped  on  a  revolving  cylinder;  also  a  traction  wheel, 
which  passes  over  the  face  of  a  revolving  disc,  said  traction  wheel  being  geared 
to  a  train  of  wheels  operating  a  series  of  small  dials  similar  to  that  of  a  house 
gas  or  water  meter.  Both  the  cyhnder  and  the  disc  are  operated  by  an  eight  day 
marine  clock. 

SIMPLEX  RATE-OF-FLOW  CONTROLLERS 

This  apparatus  is  designed  for  service  in  a  water  pipe  or  conduit  through  which 
the  rate  of  discharge  must  be  maintained  uniform,  regardless  of  the  pressure  or 
head  on  the  up  or  down  stream  side  of  the  valve.  It  consists  of  a  perfectly 
balanced  valve,  operated  by  a  diaphragm,  a  Venturi  section  or  tube,  and  means 
whereby  the  diaphragm  is  actuated  by  the  difference  in  pressure  between  the  full 
and  contractecl  sections  of  the  Venturi  tube.  The  diapkragm  and  valve  are 
balanced  by  an  adjustable  counterweight,  which,  when  set  for  any  required  rate 
of  flow,  will  hold  the  valve  dircs  in  the  proper  position  for  that  flow. 

In  every  well-regulated  filter  plant,  wherein  rate  controllers  are  used,  it  is  the 
invariable  custom  to  also  provide  for  loss-of-head  and  rate-of-flow  gauges.  To 
adjust  our  controller,  it  is  onb'  necessary  to  watch  the  rate-of-flow  gauge  and  move 
the  counterweight  so  as  to  prodiice  the  rate  of  flow  desired,  after  which  the 
mechanism  will  automatically  maintain  this  rate  until  the  counterweight  is 
readjusted.  Where  rate-of-flow  gauges  are  not  used,  the  graduation  on  the  scale 
beam  can  be  used  for  this  purpose. 

Complete  catalogs  on  rccjuest. 
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J J^  (iter   fVe'ujhinq  Mar /lines 


WILLCOX  ENGINEERING  CO.    Inc. 

SAGINAW,  MICHIGAN,  U.  S.  A. 


THE  WILLCOX  WATER  WEIGHER. 


VENT 


INLET 


1  DISCHARGE 
PIPE 


Vertical  Section  of  the  Willcox  Water 
Weigher  Style  A 


The  Willcox  Water  Weigher  is  a 
device  for  automatically  weighing 
and  recording  the  water  fed  to 
boilers.  It  takes  water  from  any 
source,  such  as  a  feed  water  heater, 
tank,  pump,  or  hydrant,  at  any  rate 
of  flow  or  at  varyint;;  rates,  and 
delivers  it  intermittently  in  charges 
of  uniform  weight. 

It  will  weigh  hot  feed  water  from 
an  open  heater,  cold  water  from  a 
hydrant,  water  of  condensation  from 
vacuum  pans  or  heating  systems; 
also  chemicals,  volatile  oils,  sugar 
juices,  etc. 

Operation:  The  charge  is  bal- 
anced by  a  liquid  column  of  fixed 
height,  through  the  medium  of  an 
air  balance.  The  unit  charge  is 
dumped  automatically  by  the  sudden 
release  of  the  entrapped  air — an  extremely  accurate  method  of  balancing. 

Accuracy:  Each  weigher  is  guaranteed  to  weigh  within  one  per  cent,  of 
absolute  accuracy  at  any  rate  of  supply  up  to  its  maximum  capacity  and 
at  any  temperature  from  freezing  to  boiling. 

Styles  and  Capacities:  The  Willcox  Water  Weigher  is  l)uilt  in  several 
styles  to  suit  various  requirements,  and  in  all  capacities  from  one  thousand 
pounds  per  hour  up  to  half  a  million  pounds. 

Plans  for  Installation:  Suggestions,  sketches  and  plans  for  proposed 
installations  are  furnished  free  of  charge  by  the  Willcox  Engineering 
Company.  We  have  conqtetent  engineers  and  draftsmen  for  the  purpose 
of  assisting  prospective  custoniers  in  planning  suitable  arrangements  to 
meet  local  conditions. 

Savings  Secured  in  Boiler  Plants:  By  furnishing  a  sinq)le,  reliable, 
automatic,  self-recording  device  for  continuously  and  accurately  recording 
every  poxmd  of  water  punqted  to  the  boilers,  the  \\illcox  Water  ^\■eighe^• 
offers  a  means  of  segregating  l)oiler  ovai)oration  cost  from  engine  and 
generator  costs,  thereby  giving  a  sure  means  of  determining  from  day  to 
day  whether  or  not  a  proper  evaporation  is  being  secured  per  pound  of  coal. 


GENERAL     DIMENSIONS     STYLE     A 
BUILT   OF  BOILER  PLATE 


Maximum 
rate  of 

Approximate 

Size 

Shell 

Weight  of 

Size 
No. 

weighing,  in 

Inlet, 

Thick 

Ship's; 

of  water 

lbs.  of  water 

In. 

ness 

Weight 

per  unit 

per  hour 

charge 

1 

500,000 

10 

:-.^ 

4000 

.5000 

2 

400.000 

8 

■'•  ^ 

3600 

3 

300  000 

8 

iV 

3000 

3500 

4 

250 ,000 

6 

iV 

2600 

5 

200 ,000 

6 

i.f 

2100 

2700 

ti 

175,000 

6 

M 

2000 

V 

150,000 

6 

'.f 

1850 

2'\50 

8 

125,000 

6 

'4 

1700 

y 

100,000 

0 

A 

1500 

ISOO 

lU 

87,500 

4 

1350 

11 

75,000 

4 

Tii 

1200 

12 

62,500 

4 

Tk 

1100 

1 1  so 

13 

50,000 

4 

A 

1000 

Illustrated  Catalog  No.  3  sent  on  request. 


The  Willcox  Automatic  Water  Weigher 
with  Storage  Tank.     Style  A 
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Metal  Hose 

THE  AMERICAN  METAL  HOSE  CO. 

watp:rbiiry,  conn. 

FLEXIBLE  METAL  HOSE  AND  TUBING  FOR  STEAM, 
OIL,  AIR,  GAS,  WATER,  ETC. 


25-foot  length    1-inch  BD20  Bronze  Steam  Hose,  with  packed  couplings,  re-enforced 
ends,  and  one  end  asbestos  and  canvas  covered. 

AMERICAN  FLEXIBLE  METAL  HOSE  is  particularly  adapted  to  convey- 
ing Oil  and  Steam,  both  of  which  quickly  attack  and  destroy  Rubber  Hose.  Our 
Hose  is  as  strong  in  construction  as  is  consistent  with  flexibility,  will  stand  high 
pressures,  and  for  conveying  either  of  the  above  agents  is  most  pi-actical  and 
economical.  For  both  of  the  above  purposes  an  Interlocked  Hose  is  supplied, 
which  is  made  from  a  continuous  metal  ribbon  or  strip  wound  spirally  over  itself, 
the  edges  being  crimped  or  turned  in  during  the  winding  to  form  the  Interlocked 
.Joint  shown  in  illustration;  a  specially  prepared  asbestos  cord  fed  into  a  separate 
groove  in  the  strip  during  the  winding  acting  as  a  packing  and  making  the  Hose 
tight. 

For  STEAM,  our  Standard  is  the  Bare  Interlocked  Pattern,  BD1.5  BRONZE 
HOSE  with  I.  P.  T.  Brass  Couplings  attached.     These  Couplings  are  threaded 
internally  to  screw  onto  the  spiral  groove  on  the  outside  of  the  Hose  and  are 
packed  on  with  a  stuffing  box  of  asbestos  and  red  lead, 
making  a  tight  connection.    Each  couphng  is  provided  with 
a  Flexible  Metal  re-enforced  end  which  is  fastened  under 
a  shoulder  prepared  for  it  on  the  Coupling  and  extends  a 
short  distance    from   the   Coupling  over  the  end  of  the 
Hose,  giving  a  double  thickness  of  metal  at  the  point 
where  there  is  the  gi'eatest  strain. 

FLEXIBLE  STEEL  HOSE,  Style  Bpi.5  is  admirably 
adapted  to  conveying  Oils,  its  hfe  being  actually  pro- 
longed by  contact  with  them.  The  smaller  sizes  are  used 
in  numberless  connections,  the  principal  one  being  for  Oil 
Feed  purpo.ses  on  machinery.  The  larger  sizes  are  used 
extensively  in  unloading  and  barrel  filling  work.  Coup- 
lings for  Oil  Hose  are  generally  sweat  on. 

While  the  Bare  Interlocked  Hose,  Style  BD15,  is  suit- 
able for  ordinary  work  and  pressures,  there  are  instances, 
when  the  Hose  is  subjected  to  constant  handling, where  a 
stronger  type  is  required.    To  meet  this  demand  we  supply 

our  BD2()  Hose,  which  is  covered  with  a  braiding  of  fine  BRONZE  or  STEEL 
Wire  and  a  Spiral  Armor  Wire.  This  covering  does  not  affect  the  flexibility  of  the 
Hose,  but  is  most  efficient  as  a  protection  where  hard  usage  is  unavoidable,  and 
by  reason  of  its  greater  strength  makes  the  Hose  suitable  for  higher  pressures. 

SIZES 

We  carry  BD1.5  and  BD20  HOSE  in  stock,  both  in  STEEL  and  BRONZE  in  the 
following  sizes:  A",  )i",  ^",}<^",  K",  Va",  1",  IM",  IM",  2",  2^",  and  3"  internal 
diameter.     Larger  sizes  furnished  on  order. 

Full  information  on  our  FLEXIBLE  METAL  AIR  and  WATER  HOSE  and 
GAS  TLTBING,  or  on  Special  Hose  for  extreme  pressures,  furnished  on  application. 


Interlocking  Construc- 
tion B.  D.  15  Hose 
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Unions  and  Flanges 


JEFFERSON  UNION  COMPANY 

LEXINGTON,  MASS. 

UNIONS  AND  FLANGES  FOR   OIL,  STEAM,  WATER  AND  GAS  UNDER  ALL  PRES- 
Sli~i;S.      Malleable  iron  only  is  used  for  standard  goods  and  brass  tubing  for  rings  for  seats. 


Three  Part 


STYLE  B  FLANGE  (Fig.  3) 


Pipe  Size 

i 

i 

1 

U 

n 

2 

2i 

3 

3i 

2J 
2i 

21 

3i 
2|i 

4A 
2ii 

4§ 
3A 

5A 

3A 

6A 
3ii 

6H 
3H 

7ii 

41 

Pipe  Size 


O  utslde  Diameter . 
Length  Over  all  . . 


4 

4i 

5 

6 

7 

8 

S 

10 

9 

9i% 

lOA 

11? 

12A 

14 

15 

161 

41 

4| 

4il 

4ii 

5A 

5A 

5A 

m 

Two  Part 


.STYLE  D  FLANGE  (Fig.  4) 


Pipe  Size 

* 

1 

1 

u 

u 

2 

2i 

3 

3i 

Outside  Diameter 

2J 

3|i 
2A 

3H 
2|i 

4i 

m 

5 

2|i 

3A 

6i 
4i 

7 
4A 

7f 

2A- 

4H 

Pipe  Size 

4 

4§ 

9A 
4|f 

5 

6 

7 

8 

9 

10         12 

8f 
4H 

10 
4fi 

llA 

12^ 

13Ji 
5H 

15,^ 
5fi 

16^     1  Sf 

6A      6H 

Two  Part — Extra  Heavy 


STYLE  E  FLANGE  (Fig.  4) 


Pipe  Size 


Outside  Diameter . 
Length  Over  all . . . 


1 

U 

H 

2 

2J 

3 

3i 

41 
3M 

4>% 
3ff 

5A 
43^ 

6 
3|i 

6H 
4J 

4}* 

81 

5A 


Pipe  Size 

4J 

lOA 
5H 

5 

lOH 
5M 

6 

7 

8 

9 

10 

Outside  Diameter 

12i 
5fi 

1311 
6^ 

14fi 

16A 

17A 
7s^ 

Jefferson  Style  A  Unions  (Fig.  2)  are  made  with  spherical  brass  to  iron 
seats  ground  to  a  perfect  fit.  The  ring  A  is  of  wrought  metal,  cut  from  seam- 
less brass  tubing,  avoiding  blowholes  common  in  cast  brass.  There  are 
special  advantages  in  the  use  of  the  brass  ring  in  just  the  manner  shown  and 
the  wall  D  is  patented  owing  to  these  advantages,  which  include  protecting 
the  brass  from  injury  no  matter  how  far  the  pipe  is  screwed  in.  No  gasket  is 
used  and  there  is  plentj'  of  play  for  the  part  F  which  swivels  in  the  nut. 
Dimensions  are  given  in  following  table. 
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Unions  and  Flanges 


><9v_ 


Fh.l 


Fis.a 


Fig.  3 


Fig.  4 


STYLE  A  UNION 
'Standard  Type"     All  Female 


Pipe   Size 


Diameter  Nut  (Across  Flats) . 
Length  Over  all 


i 

i 

1 

h 

1 

1 

U 

lA 

m 

m 

Hi 

2i 

2M 

3 

iM 

Iff 

m 

2A 

2A 

2^ 

21 

Pipe  Size 

n 

2 

2i 

3 

31 

4 

Diameter  Nut  (Across  Flats) 

3Jf 

4A 
3A 

411 
3fl 

m 

4H 

7U 
4M 

Length  Over  all 

3 

The  Jefferson  Style  F  Union  (Fig.  1)  is  short  and  more  easy  to  use  than  the 
union  and  nipple  which  it  replaces.  It  has  BriggsStd.  pipe  threads.  Any 
kind  of  wrench  may  be  used  on  anj-  of  its  parts. 


STYLE  F  UNION 
Male  and  Female 


Pipe  Size 

i 

1 

i 

i 

1 

U 

n 

2 

2i 

3 

Diameter  Nut  (Across  Flats).. . 
Length  Over  all 

2A 

m 

2H 

2i 
2fi 

2M 
3ii 

3 

m 

3M 
31 

4A 

411 
51 

5M 
an 

Pipe  Size 

i 

i 

1 

i 

i 

Diam.  Nut  (Across Flats) 

Length  A .   . . 

lA 

2i 

SWING    UNION 

Pipe  Size 

TOSS  Flats) 

Pipe  Size 

Diam.  Nut  (Across  Flats) 
Length A 


]23 


3fj 
2H 


4H 

063 


m 

31 


Pipe,  Valves.  Fi'ffitu/s 


BEST  MANUFACTURING  CO. 

PITTSBURGH,  PA. 

WORKS,  -  OAKMONT,  PA. 

PIPE  VALVES  FITTINGS 


FABRICATED  PIPING  WORlv  FURNISHED  COMPLETE— DESIGNS 
FOP.  PLANT  SYS'ITMS  SI  liMmT.D. 


PIPING — For  all  services,  all  pressures. 

VALVES— All  Iron,  Semi-Steel,  Cast  Steel.    "Best"  Double  Adjustable  wedge 
Gate  Valves. 

FITTINGS— Iron,  Brass.  Semi-Steel,  Cast  Steel. 

SPECIALTIES-  -Welded  and  Vanstone  Flanges,  Wddcd  Headers,  Large  Cast- 
ings, "Best"  and  IVIoran  Type  Flexible  Joints,  Bosh  Piping, "Tuyere  Coeks,  etc. 

1912  CATALOG  No.  103 — Illustrating  our  line,  sent  upon  request  on  company 
letterhead. 
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Falvrs 


THE  CHAPMAN  VALVE  MFG.  CO. 

INDIAN  ORCHARD,  MASS. 

STEEL   PARALLEL  SEAT.    DOUBLE    GATE    VALVE   FOR  SUPERHEATED  STEAM 
STEEL  BODIES  AND  BONNETS.  MONEL  METAL  GATES  AND  SEATS 


STRAIGHTWAY  TYPE 


Fig.  312  is  a  cut  of 
the  intornal  working 
parts,  showing  the  car- 
rier block  extended  to 
carry  an  opening  the 
full  size  of  the  pipe 
line,  so  that  when  the 
valve  is  fully  open  the 
seats  are  covered  and 
the  pipe  line  is  made 
continuous,  the  carrier 
extension  effectually 
filling  up  the  aperture 
around  the  seats. 

The  valve  when  open 
is  the  same  as  if  it  were 
a  continuation  of  the 
pipe  line,  with  neither 
contractions  or  aper- 
tures of  any  kind  to 
deflect  or  break  up  the 
flow  of  the  steam.  This 
construction  not  only 
))rev('nts  the  loss  of 
head  due  to  eddying, 
but  it  also  protects  the 
seats  fi'oni  injur}'. 


Diameter  of  Port  or  Size=A 
Face  to  Face  Flanges=B 
Diameter  of  Flanges=C 


Fig    311 


A 

2 

2J^ 

3 

s'A 

4 

4>i 

B 

10}^ 

12  J^ 

14 

14  m|    ism 

183^ 

C 

QVi 

7K 

8M 

9       1   10 

10>^ 

IS' 2       19 


20 


20^g 


21J^ 


2234 


c 

11 

12M 

14           15 

16 

nVi 

A 

12 

14 

16 

18 

20 

24 

B 

23  M 

25J^ 

32% 

33  M 

35M 

35% 

C 

20 

221^    1     25 

27 

29J^ 

34 

Fig   312 


PAGES  64-65  CATALOGUE  NO.  30 


V2-> 


Valves 


GOLDEN-ANDERSON    VALVE    SPECIALTY    CO. 

1219  FULTON  BLDG.  PITTSBURGH,  PA. 

STEAM  AND  WATER  SPECIALTIES 


Triple  Non-Return  Valve 


AUTOMATIC    DOUBLE -CUSHIONED   TRIPLE- 
ACTING  NON-RETURN  VALVES 
(Angle  or  Globe) 

"  Works  Both  Ways;"  automatically  protects  the 
boilers  and  steam  lines. 

Placed  in  the  boiler  outlet  this  valve  will  permit 
the  passage  of  steam  to  the  header  or  main,  as  re- 
quired in  regular  service,  but  will  close  quickly 
ngainst  a  reversal  of  the  current.  In  case  of  acci- 
dent to  the  boiler  this  valve  will  isolate  the  disabled 
unit  from  the  rest  of  the  battery,  thereby  not  only 
reducing  the  destructive  results  of  the  accident,  but 
also  confining  the  damage  to  this  one  boiler  and 
avoiding,  oftentimes,  the  necessity  for  any  inter- 
ruption in  the  operation  of  the  rest  of  the  batterj'. 

1009  of  these  were  ordered  by  the  largest  steam 
users  in  the  World  for  the  protection  of  their  power 
plants. 

THE  CONTROLLING  ALTITUDE  VALVES 

Automatically  maintain  a  uniform  stage  of  water 
in  standpipes,  reservoirs  or  tanks. 
No  overflow  in  case  of  fire  pressure. 
Valves  closed  by  water  or  electricity. 

FLOAT  VALVES 

Instantly  adjusted  to  operate  quickly  or  slowh' 
as  desired.     Indestructible. 

They  are  an  absolutely  satisfactory  Float  Valve 
for  high  or  low  pressure. 


ANDERSON  REDUCING  VALVES 

For  Steam  or  Water 


arc  always  cushioned  in  oj)ening  or  closin 
sizes  up  to  24  in.  dia. 


Manufacturers 

also  of 

STANDPIPE 

VALVES, 

ELECTRO- 
HYDRAULIC 
VALVES, 

automatic: 

VALVES. 


Regular 


Float  Valve — angle  or  straight-way 


Reducing  Valve 
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Valve. 


HOMESTEAD  VALVE  MANUF'G  CO. 

PriTSBURdH,   PA. 

THE    HOMESTEAD   SELF-LOCKING     STRAIGHTWAY,    THREE-WAY    AND     FOUR-WAY 
HIGH   PRESSURE  BALANCED   PLUG  VALVES.       THE  HOMESTEAD   LOCKING   COCK. 


THE  HOMESTEAD  SELF-LOCKING  STRAIGHTWAY  VALVE 

This  valve  is  unlik(>  all  others  for  the  reason  that  when  the  ])ressui-e  passes  through 
it  the  seat  is  ABSOLl'TELY  PHOTKCTEI)  FROM  WEAR.  The  i)liis  is 
lialaiiced  and  held  in  jjlaee  l)y  the  pressure  when  open,  and  when  closed  it  is 
locked  in  the  seat  by  onr  patent  wedging  cam,  insiu'ing  freedom  from  friction  in 
seat  while  jilng  is  turning,  which  makes  ours  the  quickest  acting,  simj)lest  made, 
easiest  operated  and  most  duralilc  valve  known.  Globe  and  Gate  Valves,  on  the 
other  hand,  have  their  vital  })arts  (Seats)  EXPOSED  to  pressure  and  destruction 
every  moment  they  are  open. 

CONSTRUCTION 

This  valve  is  so  constructed  that  when  it  is  closed  it  is  at  the  same  time  forced 
firmly  to  its  seat.  This  result  is  secured  by  means  of  the  traveling  cam  "A" 
through  which  the  stem  passes.  The  cam  is  ]n-ev(>nted  from  turning  with  the 
stem  by  means  of  the  lugs  "B"  w^hich  move  vertically  in  slots.  Supposing  the 
valve  to  be  open,  the  cam  will  be  in  the  lower  part  of  the  chamber  in  which  it 
is  placed,  and  the  plug  will  be  free  to  be  easily  moved.  A  quarter  of  a  turn  in 
the  direction  for  closing  it  causes  the  cam  to  rise  and  take  a  bearing  on  the  upper 
surface  of  the  chamber,   and  the  only  effect  of  further  efTort  to  turn  the  stem  in 

that,  direction  is  to  force  the  plug 
more  firmly  to  the  seat.  A  slight 
motion  in  the  other  direction  im- 
mediately releases  the  cam  and  the 
plug  turns  easily,  being  arrested  at 
its  proper  open  position  by  con- 
tact of  the  fingers  of  the  cam  at  the 
other  end  of  its  travel.  E.  D.  D. 
are  balancing  ports  which  allow  the 
pressure  to  predominate  at  the  top 
of  plug,  holding  it  gently  in  its  seat 
while  valve  is  open.  Made  in  all 
sizes  up  to  six  inches,  and  for  all 
pressures  up  to  5,000  pounds  per 
square  inch.  Made  in  Straight 
Way,  Three  and  Four  -  Way  Pat- 
terns. 

For  Steam,  Compressed  Air  and 
Hvdraulic  Service. 


\;,  PATENTED 


Homestead   Straightway  Valve 

TY^  HOMESTEAD  LOCKING  COCK 

is  made  with  a  double  external  locking  device, 
which  forces  absolutely  tight  adherence  of  the 
plug  to  the  seat  at  each  end  of  the  quarter  turn 
to  which  it  is  limited,  insuring  easy  turning  and 
almost  entire  freedom  from  wear,  giving  you 
SIMPLICITY,  RAPIDITY  and  DURA- 
BILITY combined. 


The  Homestead  Locking  Cock 
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Valves 


THE  KENNEDY  VALVE  MFG.  CO. 

Main  Officp:  and  Works:  ELMIRA,  N.  Y. 

Agencies: 

57  Beekinan  St.,  New  York  City  602  Western  Union  Bldg.,  Chicago 

Monadnock  Bldg.,  San  Francisco  60-1  Canal-Loviisiana  Bank  Bldg.,  New  Orleans 


GATE,  GLOBE,  ANGLE,  ■)  rPOWER,  HEATING,  PLUMBING 

CHECK,  RADIATOR  AND  >  VALVES        FOR  <  AND  AUTOMATIC   SPRINKLER 

INDICATOR  -•  l  INSTALLATIONS 

FIRE  HYDRANTS 


^^■l•it.e  fur  catalogue  "X,"  describing  all  the  above  and  many  other  kind?  of 
valves. 
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MONARCH  VALVE  AND  MFG.  CO. 

SPRINGFIELD,  MASS. 
NEW  YORK        BOSTON        CLEVELAND  PHILADELPHIA 


HIGH      GRADE     VALVES      FOR     STEAM,     WATER,     GAS,     AIR,     OIL,     AMMONIA, 
BRINE,  ETC.        MADE    OF    THE    BEST    STEAM    BRONZE,    GRAY    IRON  OR    STEEL. 


The  table  below  gives  a  partial  list  of  our  regular  product. 


LIST 

DESCRIPTION 

1 

Bronze  Gate,  125  lbs.  Steam,  250  lbs.  Water  Pressure. 

2 

'•      250    •■          "       400    " 

3 

"      800    "    Water  Pressure. 

4 

"    2000    " 

5 

"    6000    " 

6 

Globe,  125     "    Steain,  250  lbs.  Water  Pressure. 

7 

"      250    "          "        400    " 

8 

'     Check,  125    "          "        250    " 

9 

"      250    "          "       400    " 

10 

'      Navv,    50    "    Pressure. 

11 

"      300 

12 

"      500    " 

15 

Iron  Rodv  Gate,    SO  lbs.  Steam.  150  lbs.  Water  Pres.sure. 

16 

"       125    "          "        200    " 

16}, 

" 

150    "         "       Pressure. 

17 

"         ' 

"      250    "          "       400  lbs   Water  Pressure . 

18 

"         ' 

'    Globe,  125    "         "       200     " 

19 

"         ' 

"      250    "          "       400     " 

20 

"         ' 

'   Check,  125    "          "       200    " 

21 

"         ' 

"      250    "          "       400    " 

22 

Steel     ' 

'      Gate,  250    "          "        400    " 

23 

"         ' 

'    Globe,  2.50    "          "       400    " 

24 

•   Check,  250    "          "       400    " 

THE  MONARCH  LOOSE  NECK  GATE 

The  cuts  below  illustrate  our  method  of  connecting  gate  and  spindle.  The 
spindle  is  threaded  into  a  third  member,  which  fits  into  a  slot  at  the  top  of  gate. 
There  is  a  slight  amount  of  play  between  these  parts,  so  that  the  gate  closes 
without  catching  or  binding,  and  without  uneven  wear  or  side  strain  on  spindle. 
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Valves 

THE    LUDLOW  VALVE   MFG.   CO. 

TROY,    NEW   YORK 

BRANCH  OFFICES 
NEW  YORK:   62  Gold  St.  CHICAGO,  ILL.:   633-635  The  Rookery 

BOSTON,  MASS.:  182  High  St.  PHILADELPHIA,  PA.:    Harrison  Bldg. 

PITTSBURGH,  PA.:   Farmer's  Bank  Bldg.  KANSAS  CITY,  MO.:   Victor  Bldg. 

HIGH  GRADE  VALVES  FOR  EVERY  PURPOSE;  VALVES  FOR  OIL,  WATER,  STEAM, 
GAS  AND  AMMONIA,  OF  ANY  SIZE  AND  FOR  ALL  PRESSURES;  AUTOMATIC  AIR 
VALVES  AND  FLOAT  VALVES;  RELIEF  VALVES;  SLUICE  GATES;  CHECK  AND  FOOT 
VALVES;    COMBINATION   AIR  VALVE  WITH   CONTROLLING  GATE;   HYDRANTS. 


THE   LUDLOW   DOUBLE   GATE   VALVE 

The  illustration.s  below  sliow  section  of  valve  and  detailed  view  of  the  Gates 
and  Wedges.  The  Gates  cannot  lock  or  wedftp  in  closing  until  directly  opi)osite 
the  ports.  Gates  are  released  fi-om  seats  before  starting  to  rise,  avoiding  wear 
on  seats,  and  grinding  or  dragging  of  faces  of  gates  on  seats  is  impossible.  Stem 
cannot  bind  or  wedge.  The  gates  cannot  cant  to  either  side  and  cause  stripping 
of  threads  on  stem. 


LUDLOW   DOUBLE   GATE   VALVES   FOR   ALL   PRESSURES 
These  Valves  all  have  a  10"  opening 


300   LBS. 


350  LB5 


600  LBS. 


1500  LBS. 


2000  LB5. 
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Fire  Hydrants 


THE  LUDLOW  VALVE  MFG.   CO. 


FIRE  HYDRANTS 

Genuine  Ludlow  Slide  Gate,  Frost  Proof,  Fire 
Hydrant.    Rubber-faced  Gate.    Bronze  Mounted. 

(a)  Simple  in  construction. 

(b)  Drip  valve  in  extreme  bottom  of  hydrant, 
draining  hydrant  barrel  completely  and  permit- 
ting no  water  to  remain  in  same. 

(c)  All  working  parts  can  be  removed  without 
disturbing  hydrant  barrel  or  doing  any  digging. 

(d)  Gate  is  released  from  seat  before  starting 
to  rise,  avoiding  wear  on  gate  rubber. 

(e)  Gate  when  shut  remains  tight  when  top  of 
hydrant  is  removed. 

(f)  No  flooding  of  street  in  case  standpipe  or 
barrel  is  broken. 

(g)  In  opening  hydrant,  first  turn  of  the  stem 
closes  the  drip  valve,  after  which  the  bronze 
wedge  nut  in  back  of  gate  is  loosened,  relieving 
gate  from  its  seat. 

Final  turn  of  the  stem  after  gate  is  closed  and 
wedged  opens  the  drip  valve. 

(h)     Frost  case  unnecessary. 

(i)     Large  waterway. 


From  Page  110  Ludlow  Catalogue,  1910 

Size  of  Hydrant  or  Diameter  Valve 

2" 

3" 

4" 

4i" 

5" 

6"     !      8" 

3"           4|" 

.■>»" 

6i" 

6" 

3-2  J" 

7" 

6"or8" 

3-2J'' 

8"     '    10" 

2"      3"or4"'4"or6" 
1-2"   i     1-24"!    2-2i" 

6"or8"8"orl0" 

4-2^'      6-2  J" 

Steamer  nozzle  can  be  added  on  sizes  4"  and  up,  or  can  be  substituted  for  2\4"  nozzies.    Inside 
independent  cut-off  gate  can  be  furnished  on  2y>"  nozzies  if  wanted. 
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THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

BRASS,  IRON,  SEMI  AND  CAST  STEEL  VALVES,  WHISTLES,  COCKS,  GAUGES,  INJECT- 
ORS, LUBRICATORS,  OIL  PUMPS,  OIL  A  ND  GREASE  CUPS,  MOTOR  ACCESSORIES,  ETC. 

Adapted  to  the  Requirements  of  All  Classes  of  Machinery. 


LUNKENHEIMER  1912  CATALOGUE 

\\'e  illuistrato  on  this  and  the  three  following  i)ages  only  a  few 
of  our  leading  specialties,  the  whole  being  considerably  condensed, 
owing  to  the  lack  of  space.  For  a  complete  description,  with 
sectional  illustrations  of  the  following,  together  with  a  large 
ninnber  of  other  engineering  appliances,  reference  must  be  had 
to  our  1912  CATALOGUE,  a  copy  of  which  can  lie  had  free  of 
charge. 

This  book  consists  of  654  PAGES,  is  handsomely  bound  and 

illustrated,  and  shows,  describes  and  lists  the  ENTIRE  LINP] 

OF  LUNKENHEIMER  PRODUCTS,  which  is  not  only  the 

LARGEST  LINE  OF  HIGH  GRADE  ENGINEERING  SPECIALTIES  IN 

THE  WORLD,  but  the  VARIETY  OF  THESE  APPLIANCES  IS  BY  FAR 

THE  GREATEST. 

The  LUNKENHEIMER  1912  CATALOGUE  also  contains  tables  and  in- 
formation of  great  value  and  of  daily  use  to  engineers  in  general, — in  fact ,  it  is  a 
book  that  no  engineer  can  afford  to  be  without.     Write  for  a  copy. 


LUNKENHEIMER  REGRINDING  VALVES 
BRASS 

Made  in  Globe,  Angle  and  Cross  Patterns;  Screw  or  Flange 
Ends;  Medium  weight,  for  working  pressures  up  to  200  pounds. 
Extra  Heavy  for  300  pounds;  sizes  ranging  from  3^^  to  4  inches 
inclusive. 

These  valves  can  be  reground  quite  a  number  of  times,  with- 
out removing  them  from  their  connecting  pipes,  making  them 
as  tight  as  when  new.    The  discs  and  all  other  parts  arc  renew- 
able; the  stuffing-boxes  can  be  repacked  under  pressure  when 
the  valves  are  wide  open ;  the  areas  through  the  bodies  are  in  excess  of  the  nominal 
inside  diameter  of  the  connecting  pipes,  and  the  union  connection  between  the 
body  and  hub  provides  a  non-corrosive,  re-inforcing  joint. 

LEADING  DIMENSIONS 


Size  of  Valve inches 

Face  to  Face  Screw  End    f  Medium, 

Globe  Valve  JEx.  Hy., 

Face  to  Face  Screw  End  /Medium, 

Angle  or  Cross  Valves  (.Ex.  Hy., 
Face  to  Face  Flange  End  f  Medium, 

Globe  valve \Ex.  Hy., 

Center   to    Face   Flange  (  Medium , 

End    Angle    or    Crosse 

Valve "-Ex.  Hy., 

Center  of  Port  to  Top  of  f  Medium, 

Stem,  when  open (.Ex.  Hy., 
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■-)"4 

5",s 

6Js 

7'\ 
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THE  LUNKENHEIMER  COMPANY 


LUNKENHEIMER  BRASS  "RENEWO"  VALVES 

(il()l)(\  Aiifilo  and  Cross  Patlorns;  Screw  of  Flange  Ends; 
Medium  weight,  for  working  pressures  up  to  200  i)ounds,  Extra 
H(>:ivy  for  oOO  pounds;  sizes  from  J<4  to  3  inches  inchisive. 

All  parts  are  ren(>wable,  including  the  seat  and  disc,  and  the 
seating  faces  are  also  regrindahle.  Both  seat  and  disc  are  made 
of  a  most  durable  nickel  alloy,  and  their  unique  construction 
reduces  the  wear  on  the  seating  faces,  caused  by  the  great  velocity 
of  the  steam  flowing  through  the  valve,  makes  them  self-cleans- 
ing and  eliminates  water-hammer. 

Areas  through  the  bodies  are  larger  than  those  of  the  con- 
necting pipes;  stuffing-boxes  can  be  packed  under  pressiu-e 
when  the  valves  are  wide  ojjcn,  and  the  valves  are  provided  with  a  non-corrosive 
union  connection  between  the  body  and  hub. 

LEADING   DIMENSIONS 


Size  of  viilvo inrhe.s 

Face  to  Face  Screw  End  f  Mediuni,  inches 

Globe  Valves (Ex   Hy.,   inches 

Center  of  Port  to  Face  of  (Medium,  inches 

Screw  End  Angle\'alves  (Ex  Hy.,  inches 
Center  of  Port  to  Face  of  /Medium,  inches 

Screw  End  Cross  Valves  t  Ex  Hy.,  inches 
Face  to  Face  F'lange  End  j  Medium,  inches 

Globe  Valves I  Ex   Hy.,   inches 

Center  of  Port  to  Face  of  /  Medium,  inches 

Flange    End     Angle    or  < 

Cross  Valves tEx   Hy.,   inches 

Center  of  Port  to  Top  of  f  Medium,  inches 

Stem,  when  open \¥j-s..  Hy..  inches 
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9 

10 
43^ 

.5 
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LUNKENHEIMER  IRON  BODY  BRASS  MOUNTED  GLOBE,  ANGLE 
AND  CROSS  VALVES 
Medium  Pattern,  for  working  pressures  up  to  125 
pounds,  Heavy  for  175  pounds  and  Extra  Heavy  for  250 
pounds;  Screw  or  Flange  Ends.  Extra  Heavy  Pattern 
can  be  had  with  or  without  interior  or  exterior  by-pass. 
Medium  and  Heavy  Patterns  made  in  sizes  from  2  to  12 
inches  inclusive;  Extra  Heavy  without  by-pass,  from  2 
to  10  inches,  and  with  by-pass,  from  33^2  to  12  inches 
inclusive. 

All  parts  subjected  to  wear  are  renewable;  the  seating 
faces  of  both  the  main  and  by-pass  valves  are  regrindable, 
and    the   stuffing-boxes   can    be   packed    under   pressure 
when  valves  are  wide  open. 
For  superheated  steam,  these  valves  can  be  had  made  of  "Puddled"  Semi- 
steel,  a  material  having  a  tensile  strength  of  35,000  pounds  per  square  inch;  and 
for  extreme  conditions  of  pressure,  superheat  and  strain,  of  cast  Steel,  the  tensile 
strength  of  which  is  about  80,000  pounds  per  square  inch. 

LEADING  DIMENSIONS 


Size  of  Valve inches 

2 

2H 

3 

3^2 

4 

W2 

5 

6 

7 

1534 

8 
18 

10 

23  M 

12 

Face  to  Face  Screw  1Med  &  Hv.,  in. 

6'^ 

7\ 

S'w 

9 

10 

1114 

12 
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27 

EndGlobeValves  JEx  Hv., inches 

8V 

UM 

1134 

12»4 
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20 
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Face  of  Screw  (Med  &  Hv.,  in. 

3  V 
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414 
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End   Angle   or  |Ex   Hy.,   inches 

4A 

5H 

5^8 

ii% 

6H, 

7 

7^2 

a 'A 

91/8 

10 

11^8 

13  V,- 

Cross  \  alves.   j 

Face  to   Face  of  1  Medium,  inches 
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Flange  End        >  Heavy,      inches 
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Globe  Valves..  J  Ex.  Hy.,  inches 
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Center  of  Port  to  -j  Medium,  inches 
Top    of    Stem,  >  Heavy,      inches 
when  open J  Ex   FIv.,   inches 
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(See  also  next  page) 
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LUNKENHEIMER  IRON  BODY  BRASS  MOUNTED 
GATE  VALVES 


VICTOR" 


Made  with  citlier  stationary  stem  insid(>  screw,  or  rising  stem 
and  yoke;  with  or  without  by-pass,  screw  or  flange  ends. 

Stanchird  Pattern,  sizes  2  to  24  inches.  From  2  to  8  inches 
inchisive  for  working  ])ressures  below  125  ]ionnds;  above  S  inches 
for  pressures  up  to  100  poimds.  Medium  Pattern  for  working 
pressures  up  to  125  pounds;  without  by-pass  in  sizes  2  to  24 
inches;  with  by-pass,  5  to  24  inches.  Heavy  Pattern  for  175 
pounds  working  pressure;  without  by-pass,  sizes  2  to  24  inches; 
with  by-i)ass,  5  to  24  inches.  Extra  Heavy  Pattern  for  pressures 
up  to  250  pounds;  without  by-pass,  sizes  1)^2  to  16  inches;  with 
by-pass,  5  to  16  inches. 

All  parts  subjected  to  wear  are  renewable,  and  this  includes 
the  seats  and  discs.  The  valves  are  double-seated  antl  will 
therefore  take  pressure  from  either  end;  both  the  main  and  by- 
pass valves  can  be  packed  under  pressure  when  the  valves  are 
wide  open,  and  the  by-pass  seating  faces  can  be  reground. 

For  superheated  steam,  the  "Victor"  Gate  Valves  are  made  of 
"Puddled"  Semi-steel,  and  for  extreme  conditions  of  pressure, 
superheat  and  strain,  they  are  made  of  Cast  Steel. 


LEADING  DIMENSIONS 


Face  to  Face  Flange  End 


Size  of  Valve inchei^ 

(  Standard 

Face  to  Face  Screw  Ends  A  Med  &  Hy 

'^  Ex  Heavy 

f  Standard 

<  1  Medium 

1  Heavy 

I  Ex.  Heav.\- 

f  Standard 

\  Med  &  Hy 

t  Ex  Heavy 

(  Standard 

\  Med  &  Hy 

^  Ex  Heavy 

f  Med  &  Hy 

\  Ex  Heavy 


Center  of  Port  to  Top 
of  Stem,  Stationary 
Stem  Pattern 

Center  of  Port  to  Top  of 
Stem,  when  open,  Ris- 
ingStem&YokePattern 

Center  of  Body  to  End  of 
By-pass 
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Size  of  Valve 

1 
inches     9 
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13 
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12 
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16 

ir'f 
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13 
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19 
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26 
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19 
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24 
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30 
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42 
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59 

Stationary  Stem  Pattern .... 
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\  Med  &  Hv 
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46 

.54 

61'.. 

(15 '4 
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98i.f 

when   open.    Rising   Stem   <fe 
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LUNKENHEIMER  NON-RETURN  SAFETY  BOILER 
STOP  VALVES 

Made  in  sizes  from  4  to  10  inches  inclusive,  screw  or  flange 
ends,  and  in  five  different  combinations  of  material  to  suit  the 
requirements  of  various  conditions  of  superheat  and  high  pressure, 
and  to  meet  the  specifications  of  engineers  who  may  differ  as  to 
what  is  best  suited  to  the  purpose. 

Valves  will  innnediately  close  in  case  of  a  sudden  decrease  in 
pressure  on  the  boiler  side  of  the  disc,  caused  by  the  blowing  out 
of  a  tube  in  the  boiler  or  any  rupture  of  the  headers,  shell,  etc. 
Chattering  or  vibration  of  the  disc  is  overcome  by  an  ingenious 
outside  spring  ai'rangement.  Valves  cannot  be  opened  by  hand, 
but  can  be  positively  closed. 

Of  extra  heavy  construction,  well  made  in  every  detail,  and 
guaranteed  in  every  particular.  All  parts  subjected  to  wear  are 
renewable. 

LEADING  DIMENSIONS 


Size  of  Valve 

.inches 

4 

4,^ 

5 

6 

7 

8 

10 

Face  to  Face,  Screw  End  Globe  Valve 

.  inches 

1.3 

14 

147/, 

161-^ 

ISH 

20 

2314 

Center  to  Face,  Screw  End  Angle  \'alve 

.inches 

0'.4 

7 

7\o 

8i.:f 

9^ 

10 

11«-^ 

Face  to  Face,  Flange  End  Globe  Valve 

.inches 

14 

15 

15U 

171/2 

191,, 

2r'f 

25 'S 

Center  to  Face,  Flange  End  Angle  Valve .  .  .  . 

.  inches 

7 

7H 

7'^s 

8^4 

9-^H 

101., 

I2I4 

Center  of  Body  to                        /Globe  Valve. 
Top  of  Stem,  open (Angle  Valve. 

.  inches 

21 '4 

23 

25 

27 

31?4 

333  2 

40i!4 

.inches 

21 

22H 

24^4 

27 

31 

33 

3932 

Center  of  Body  to  Extreme  End  of  Yoke 

.  inches 

9 

934 

9>i 

11 

12% 

14 

1C32 

LUNKENHEIMER  "PUDDLED"  SEMI-STEEL  VALVES 

Particularly  adapted  for  high  pressures  and  superheated  steam. 

The  "Puddled"  Semi-steel  as  used  in  Lunkenheimer  valves  is  an  extremely 
high-grade  iron  and  steel  alloy  of  very  close  grain  and  great  strength,  the  tensil<> 
strength  per  square  inch  being  about  35,000  pounds. 

All  parts  subjected  to  wear  are  renewable,  making  the  valves  practically  inde- 
structible. 

The  line  includes  Globe,  Angle,  Cro.ss,  Gate,  Check  and  Non-return  Safety 
Boiler  Stop  Valves,  guaranteed  for  working  pressures  up  to  250  pounds  per  square 
inch,  and  to  suit  various  conditions  of  superheat  and  meet  the  specifications  of 
engineers  who  differ  as  to  the  material  used  for  the  trimmings,  "Lunkenheimer 
"Puddled"  Semi-steel  Valves  are  made  in  two  combinations. 

LUNKENHEIMER  CAST  STEEL  VALVES 

For  extreme  conditions  of  pressure,  superheat  and  strain,  Lunkenheimer  Cast 
Steel  Valves  are  unexcelled. 

They  are  the  only  cast  steel  valves  that  meet  the  specifications  of  the  American 
Society  for  Testing  Materials. 

The  tensile  strength  of  Lunkenheimer  Cast  Steel  is  about  80,000  pounds  per 
square  inch,  with  a  safe  elastic  limit  and  excellent  elongation. 

To  suit  the  requirements  of  various  conditions  of  superheat  and  high  pressure, 
and  also  to  meet  the  specifications  of  engineers  who  may  differ  as  to  what  is 
best  suited  to  the  purpose,  Lunkenheimer  Cast  Steel  Valves  are  made  in  two 
combinations  as  regards  the  material  used  for  the  trimmings. 

The  line  includes  Globe,  Angle,  Gate,  Non-return  Boiler  Stop  Valves,  etc. 
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Pipe   Coverings 


ARMSTRONG  CORK  COMPANY 

INSULATION    DEPARTMENT 

1422  UNION  BANK  BUILDING,  PITTSBURGH,  PA. 

Branch  Offices  in  the  Large  Cities 

NONPAREIL  HIGH  PRESSURE  COVERING  for  steam  lines,  boilers  and  all  heated  surfaces ; 
NONPAREIL  CORK  COVERING  for  brine,  ammonia  and  ice  water  lines;  NONPAREIL  CORK 
BOARD  INSULATION  for  cold  storage  plants.      CONTRACTORS  for  heat  and  cold  insulation 

NONPAREIL  HIGH  PRESSURE  COVERING 

The  heat-insulating  efficiency  of  diatomaceous  earth  has  long  been  recognized, 
but,  until  recently,  no  satisfactorj^  process  was  available  by  which  it  could  be 
bondetl  together  in  sectional  form  so  as  to  produce  a  strong,  efficient  covering 
for  high  pressure  and  superheated  steam  lines.  After  years  of  research  this 
problem  was  solved  successfully  and  Noni)arcil  Iligli  Pressure  ('overing  is  the 
result. 

The  peculiar  jiorous  structure  of  diatomaceous  earth  makes  Nonpareil  C'over- 
ing  a  better  nonconductor  of  heat  than  any  of  the  coverings  now  in  general  use. 
Moreover,  it  will  withstand  temperatures  at  which  other  coverings  calcine  and 
disintegrate,  is  unaffected  by  moisture  or  steam,  is  easy  to  apply  and  reasonable 
in  price.  Tests  demonstrating  the  truth  of  these  assertions  are  fully  described 
in  our  catalogue. 

Nonpareil  Covering  is  made  in  sectional,  block  and  cement  form.  While 
comparatively  new,  it  has  already  been  installed  in  several  hundred  plants 
throughout  the  country  and  is  giving  vmiversal  satisfaction.  Write  for  catalogue 
and  sample. 

NONPAREIL  CORK  COVERING 

Nonpareil  Cork  Covering  for  brine,  annnonia  and  ice  water  lines  is  composed 
of  granulated  cork  slightly  compressed  and  molded  in  sectional  form  to  fit  the 
different  sizes  of  pipe  and  various  fittings  in  ordinary  use.  It  is  coated  inside 
and  out  with  a  mineral  rubljer  finish  and  is  applied  with  waterproof  cement  on 
the  joints,  rendering  them  impervious  to  moisture.  Nonpareil  Cork  Covering 
possesses  great  insulating  efficiency,  is  remarkably  durable  in  service,  is  clean, 
neat  in  appearance  and  easy  to  apply. 

It  is  manufactured  in  four  thicknesses  to  meet  different  service  conditions, 
viz.:  1.  StcDidnrd  Brine  Covering  for  temperatures  ranging  from  — 10°  to  25°  F. 
2.  Special  Thick  Brine  Covering  for  temperatures  below  — 10°  F.  3.  Ice  Water 
Covering  for  temjieratures  of  25°  to  45°  F.  ■\.  Cold  Water  Covering  for  tempera- 
tures above  45°  F. 

Mitred  cork  lagging,  bev(4ed  to  any  desired  radius,  is  furnished  for  cylindrical 
tanks,  filters,  large  sized  pipes,  etc.  Catalogue  and  samples  will  be  cheerfully 
forwarded,  on  request. 

NONPAREIL  CORKBOARD  INSULATION 

Nonpareil  Corkboard  is  the  world's  standard  cold  storage  insulation.  It  is 
composed  of  jiure  granulated  cork,  made  into  boards  12  .\  36",  of  various  thick- 
nesses. Our  bound  book,  "Nonpareil  Corkboard  Insulation,"  fully  describing 
this  material  will  be  sent  to   anyone  on  request. 
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ROBERT  A.    KEASBEY    CO. 

100  N.  T^IOORE  ST.,  NEW  YORK  CITY 

PIPE    AND    BOILER   COVERINGS —  85' ,'   Magnesia;   Asbestos,  Air-Ceil  or  Moulded;    Cork, 
Wool  Felt. 

INSULATING  MATERIALS  for  Heat  and  Cold,  Asbestos  Cements,  Paper  and  Millboard,  Hair 
Felt,  Mineral  Wool,  etc. 

SOLD  or  APPLIED 
PACKINGS   OF  ALL  K..'JD  J  — Asbestos,  Flax,  Cotton,  Rubber,  Metallic. 
BRAKE  BAND  LININGS.     COLD  WATER  PAINT. 


MAGNESIA  SECTIONAL  COVERING 


(Containing  85.  per  cent.  Carbonate  of 
Magnesium) 

KING  OF  COVERIXCS 

Made  in  sections  three  feet  long, 
halved  to  fit  pipe  from  5"  to  10"  inclu- 
.sive,  canvas  jacketed.  Standard  thick 
(approximating  \"),  H"  thick,  2"  thick 
(double  standard  thick)  and  doul)le 
H"  thick  to  be  used  when  different  re- 
sults of  efficiency  are  desired. 

Also  in  Cement  form  (85^0  Magnesia 
Plaster)  for  fittings,  irregular  shapes, 
filling  spaces,  etc. 

Also  in  Blocks  (85%  Magnesia  Blocks)  3"  .x  18"  and  6"  x  36"  from  |"  to  4"  thick. 

Catalog  of  these  and  all  styles  furnished  upon  request. 


'RAKCO"  BRAND,   ASBESTOS,   FLAX,   COTTON, 
AND  RUBBER  PACKINGS 


These  packings  are  manufactured  with  great 
care  from  the  highest  class  of  materials  to  suit 
all  kinds  of  service. 

Special  conditions  frequently  make  it  advis- 
able to  use  various  combinations  of  packings. 
In  this  event  we  recommend  our  Combination 
sets  of  Packings,  as  we  have  special  sets  to  meet 
every  known  condition.  These  different  sets 
are  made  to  exactly  fill  the  stufling  box,  and 
when  ordering  same  it  is  necessary  that  we  have 
diameter  of  the  rod  and  diameter  and  depth  of 
box  stuffing. 

Catalog  on  request. 


CONTRACTS  EXECUTED 

Contracts  for  covering  pipe;  propositions  involving  insulation  materials,  or 
other  work  in  our  line  will  be  handled  with  the  advantages  secured  by  a  large 
stock,  and  a  competent  force  of  men.     Correspondence  solicited. 
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THE  NATIONAL  AIR  CELL  COVERING  CO. 

210-218  VAN  BRUNT  ST.,  -  -  BROOKLYN,  N.  Y. 


PYRO-BESTOS  SECTIONAL  STEAM  PIPE  COVERING 


P\-ro-besto.s  is  an  improved 
absolutely  water  and  fire- 
proof heat-insulating  ma- 
terial, and  is  distingui^-he(l 
from  all  other  heat  insulating 
materials  from  the  fact  that 
while  other  materials  are 
more  or  less  fire-proof  none  of 
them  are  water-proof. 

In  the  form  of  a  Sectional  Removable  Pipe  Covering  its  superior  fire-proof 
quaUties  and  resistance  to  any  deterioration  from  excessive  heat  marks  it  as 
especially  adapted  for  use  on  all  power  house  work,  or  high  pressure  or  super- 
heated steam  piping  anywhere.  The  high  heat  temperatures  have  no  eitect 
whatever  on  the  material,  whereas  on  any  piping  carrying  steam  at  more  than 
150  lbs.  pressure,  85%  Carbonate  of  Magnesia  or  any  other  of  the  Pipe  Cover- 
ings now  in  use  disintegrates  and,  becoming  a  powdery  mass,  lose  their  effective- 
ness as  good  heat  non-conductors. 

Owing  to  its  water-proof  qualities  it  is  the  most  suitable  Covering  for  insulat- 
ing steam  piping  out  of  doors,  or  wherever  exposed  to  the  weather,  for  piping 
underground  or  in  damp  places,  also  for  pijiing  under  the  floors  of  piers  and 
docks,  etc.,  as  the  occasional  submersion  in  water,  to  which  these  pipes  may  be 
subjected  to  on  account  of  tides,  has  no  effect  on  Pj-ro-bestos. 

Pyro-bestos  Sectional  Pipe  Covering  is  furnished  in  3-foot  lengths  and  to  fit 
any  size  pipe  for  }//'  to  30"  in  diameter.  Special  Sectional  Removable  Cover- 
ings are  furnished  for  flanges,  owing  to  the  necessity  of  getting  at  the  flanges 
when  desired,  but  for  covering  all  other  fittings  we  advise  the  use  of  our  Pyro- 
bestos  Cement  Felting,  as  owing  to  the  lack  of  uniform  shape  and  measurements 
among  fittings,  it  is  impossible  to  make  a  .satisfactory  sectional  Removable 
Covering  for  them. 

Pyro-bestos  is  especially  adapted  for  insulating  street  mains  of  Heating 
Stations  or  those  from  a  Central  Heating  Plant. 

PYRO-BESTOS  AS  A  NON-CONDUCTING  LINING  FOR  SMOKE 
FLUES,   BREECHINGS,  AND  STEEL  STACKS 

PjTO-bestos  as  a  lining  for  steel  smoke  .stacks  occupies  a  special  field  of  advantage,  as  by  means 
of  its  use  Architects  are  enabled  to  substitute  the  lighter  weight  and  less  expensive  steel  stack 
construction  for  the  brick  stack  heretofore  almost  compulsory  in  its  use. 

Being  fire-proof  and  water-proof  and  also,  what  is  most  important,  absolute  proof  against 
the  action  of  the  gases  of  comlaustion,  it  not  only  protects  the  steel  stack  against  all  possibilities 
of  wear,  but  also  by  reason  of  its  superior  non- 
conducting efficiency  does  away  with  all  heat 
radiating  from  the  stack. 

It  is  easily  applied  to  the  interior  of  the  stack 
by  means  of  bolts  and  supporting  angle  iron  rings 
spaced  36"  centers. 

It  has  been  the  practice  to  erect  in  some  cases 
steel  stacks  lined  with  brick,  but  in  view  of  the 
ability  to  use  Pyro-bestos  lining  in  place  of  brick, 
the  latter  can  be  profitably  dispensed  with,  as 
Pyro-bestos  is  not  only  a  much  cooler  lining  but 
also  considerably  lighter  in  weight. 

Two  inches  thick  Pyro-bestos  lining,  including 
the  angle  iron  rings,  weighs  but  about  30  pounds 
per  square  foot,  or  one-fourth  that  of  a  5"  radial 
brick  lining,  and  as  it  obstructs  in  any  6  or  7  f  oi  t 
diameter  stack  only  10%  of  the  opening  as  against 
30%  for  brick,  a  very  large  saving  can  be  effected 
in  the  construction  of  the  stack,  as  it  can  be  less 
i  n  diameter  to  provide  proper  draught  and  of 
lighter  gauge  construction  and  support  to  carry 
the  weight  of  the  lining. 

The  best  material  for  construction  of 
fire-proof  or  non-conducting  ceilings  and 
partitions. 
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A.  WYCKOFF  &  SON  CO. 

ELAIIRA,  NEW  YORK 

MANUFACTURERS    OF    PATENT    WATER   PROOF  PIPE   CASING  FOR 
UNDERGROUND  OR  EXPOSED  STEAM  LINES. 


A — 2  Inch  Thick  Inner  Shell.  B — Asphaltum  Packing. 

C— Dead  Air  Space.  D — i  Inch  Thick  Outer  Shell. 


WYCKOFF'S  IMPROVED  CYPRESS  STEAM  CASING.      MADE  OF  GULF 
CYPRESS,  THE  WOOD  ETERNAL. 


Gulf  Cypress  is  used  instead  of  Pine  or  Tamarack  because  Gulf  Cj'press  is 
the  only  known  wood  not  affected  by  Wet  or  Dry  Conditions.  The  outer  shell 
is  one  inch  thick,  the  inner  shell  two  inches  and  the  dead  air  space  J  inch,  making 
the  total  thickness  of  the  casing  3|  inches.  These  improvements  will  more  than 
double  the  life  of  the  Wyckoff  pipe  casing.  The  asphaltum  packing  and  the 
driven  joint  makes  the  casing  absoluteh-  waterproof.  This  pipe  casing  is  the 
ONLY  ONE  on  the  market  with 

H"  DEAD  AIR  SPACE  BETWEEN  THE  SHELLS. 

lliis  dead  air  space  between  the  shells  has  been  increased  50  per  cent  over  the 
former  Wyckoff  casing. 

Send  for  our  booklet  to-day — it  tells  you  all  about  these  improvements. 
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GREENE,  TWEED  cV  CO. 

109  DUANE  STREET,  NEW  YORK 

MANUFACTURERS   OF  THE 

ROCHESTER   AUTOMATIC   LUBRICATOR 


Vacuum  and  Check  Valve 


The  Lubricator,  in  the  manufacture  of  which  no  expense  has  been  spared, 
efficiency  and  liigh  quality  being  our  aim  rather  than  low  prices. 

For  the  lubrication  of  the  cylinders  of  all  types  of  steam  engines  and  pumps 
as  well  as  air  and  ammonia  compressors. 

Made  in  all  sizes  from  one-half  pint  to  two  gallon  and  with  any  number  of 
feeds  from  one  to  eight.  Also  made  with  two  compartments,  for  use  where 
different  kinds  of  oil  are  used  in  the  ilifferent  cylinders  of  the  same  maciiine, 
sucli  as  air  compressors,  ice  machinc^s,  etc. 

Finish-all  sizes  above  one-half  pint  fully  nickel-plated,  one-half  ])int  size, 
japanned  body. 

Working  parts  are  made  of  steel,  and  all  bearings  are  case  hardened. 

All  the  mechanism  can  be  instantly  detached  and  removed,  giving  ea.sy  access 
to  the  working  parts  for  cleaning,  repairing,  etc.,  without  disturbing  the  bowl 
or  reservoir  attached  to  the  engine. 

Equipped  with  Multiplus  Sight  Feeds,  and  vacuum  and  check  valves. 

Each  feed  is  regulated  independently. 

Not  affected  by  temperature,  pressure  (jr  vacuum. 


Single  Feed  Double  Feed 

"PERFECT   FORCE   FEED    LUBRICATION' 
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HILLS-MeCANNA  COMPANY 

153  WEST  KINZIE  ST.,  CHICAGO,  ILL. 

STEAM  SPECIALTIES,  FORCE  FEED  LUBRICATING  PUMPS,  fflGH-PRESSURE  GAGE 
COCKS,  SWING  JOINTS  FOR  BEARINGS,  LOW  WATER  ALARMS,  METALLIC  DISCS 
FOR  VALVES 


FORCE-FEED  LUBRICATING 
OIL  PUMPS 

Our  Oil  Pumps  have  received  the 
test  of  long  use  and  varied  appHcations, 
and  have  given  thoroughly  successful 
results. 

The  valves  and  operating  motion  are 
entirely  outside  of  the  Reservoir,  and 
have  a  positive  sightfeed,  which  can 
be  regulated  to  any  desired  feed  with- 
out stopping  the  pump. 

Our  pumps  are  made  from  one  to 
any  desired  number  of  feeds. 


r1 


_.-^:rP::^ 


J) 


Triple  Oil  Pump,  as  made  from  One  to  any 
number  of  feeds 


Single  Oil  Pump  with  Glass  Holder 
One  Pint  and  One  Quart  sizes  only 


APPLICATIONS 

Hills-McCanna  Force  Feed 
Lubricating  Pumps  are  illus- 
trated in  our  catalog  in  suc- 
cessful service  on 

Elevator  Pumps 
Boiler  Feed  Pumps 
Four-Valve  Engines 
High  Speed  Engines 
Mine  Motor  Engines 
Gas  Engines 
Steam  Shovels 
Steam  Hammers 

Price  hst  and  further  in- 
formation on  request. 
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McCORD  MANUFACTURING  CO. 

NEW  YORK  DETROIT  CHICAGO 

"McCORD"  FORCE-FEED  LUBRICATORS.   "McKIM"  GASKETS 


"McCORD"  FORCE-FEED 
LUBRICATORS 

Insure  the  positive  delivery  of  just  the 
rifiht  quantity  of  clean  oil  to  just  the 
right  spot  at  just  the  rif!;ht  time — and  in 
perfect  synchronism  with  the  engines  or 
machines  they  are  lubricating. 

Interior  mechanism  is  easily  accessible; 
all  working  parts  are  of  the  best  drop 
forged  steel,  case  hardened,  and  are  con- 
stantly running  in  oil,  thus  reducing  wear 
to  a  minimum. 

We  guarantee  each  Lubricator  perfect 
in  every  respect. 

Write  for  Catalog  "  IL." 


Number 

...  1    1 

2 

3 

4 

5 

6 

7 

8 

9 

Feeds — Number 

.  ;  .  1     1 

2 

1 

2 

3 

1 

2 

3 

4 

Oil  Capacity — Gallons 

...  1  M 

Ya 

V2 

^ 

3/2  1 

1 

1 

1 

1 

"McKIM" 
COPPER 


GASKETS 
ASBESTOS 


"McKim"  Gaskets  back  up  every  claim  we  make  for  them.  And  we  claim  that 
they  make  joints  tight  and  keep  them  tight  for  years;  that  they  will  withstand 
the  highest  pressure  and  superheat;  that  they  will  not  spread  or  "blow  out,"  and 
that  they  may  be  applied  again  and  again. 

They  are  made  of  a  shell  of  purest  Lake  Superior  Copper,  specially  treated, 
encasing  a  packing  of  Red  Rubber  or  Asbestos — a  combination  impervious  to 
heat,  pressure,  and  chemical  action  of  any  circulation  at  a  minimum  tension  of 
bolts  and  nuts.    Made  in  all  sizes  and  shapes  and  sold  under  a  positive  guarantee. 

Save  Time,  Power,  Labor 
Send  for  free  sample  and  for  Catalog  "  IG." 
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ALBANY  LUBRICATING  CO. 

ADAM  COOK'S  SONS,  Props. 

708-710  WASHINGTON  STREET 
NEW  YORK,  N.  Y. 

ALBANY  GREASE  AND  ALBANY  GREASE  CUPS  FOR  THE  LUBRICATION  OF  ALL 
KINDS  OF  MACHINERY,  ESPECIALLY  LUBRICATION  WITH  INFREQUENT  ATTENTION. 
ALBANY  GREASE  HAS  BEEN  ON  THE  MARKET  FORTY-FOUR  YEARS. 


Insist  on  Getting  Package 


with  this  Trade  Mark 


TEMPERATURE   AND   LUBRICATION 

It  is  of  prime  importance  in  lubrication  that  grease  of  the  proper  consistency 
be  u.sed. 

No  good  bearing  hibricant  can  have  the  same  viscosity  in  both  winter  and 
summer  temperatures. 

The  melting  point  of  a  pure  body  lubricant,  such  as  Albany  Grease,  varies 
slightly  in  the  different  seasons  of  the  year. 

If  you  expect  to  derive  the  utmost  value  from  this  King  of  Lubricants  you 
should  specify  the  proper  consistency  according  to  the  season. 

Take  exposed  journals  in  extremely  cold  weather,  or  slow-running  journals 
under  heavy  pressure  running  in  a  cold  room,  you  wouldn't  expect  to  get  the 
•l^ame  results  that  you  might  in  summer  with  the  thermometer  flirting  with  00° 
in  the  shade. 

In  Albany  Grease  there  are  Soft  Numbers  (0  and  1)  for  cold  and  extreme  coM 
weather.     For  moderate,  warm  and  summer  weather  use  No.  2  and  No.  3. 

Albany  Grease  Nos.  X,  XX,  or  XXX  have  a  "just  right"  consistency  to  adapt 
themselves  to  varying  conditions  of  high  or  extreme  temperatures. 

The  point  is,  there  is  an  Albany  Grease  to  meet  all  conditions. 

The  following  illustrations  show  the  adaptability  and  application  of  Albany 
Hand-made  Cup  on  main  bearing  working  in  perfect  harmony  with  Albany 
Spring  Compression  Grease  Cup  on  eccentric  and  the  Cast  Spindle  Grease  Cup 
on  crank  pin.  Also  of  the  Albany  Steel  Funnel  Cups  on  shafting  feeding  only 
when  machinery  is  in  motion.     No  drip  or  waste. 


Albany  Grease  on  Main  Bearing 


Albany  Grease  applied  to  Shafting 
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THE  RICHARDSON-PHENIX  CO. 

126  Reservoir  Ave.,  MILWAUKEE,  WIS. 
LUBRICATION  ENGINEERS  AND  MANUFACTURERS 


THE  RICHARDSON  SIGHT  FEED  LUBRICATOR 


operates  on  a  new 
principle  in  that 
it  supplies  oil  for 
cylinder  lubrica- 
t  ion  in  small  par- 
ticles  for  every 
stroke  of  the  en- 
gine piston.  Built 
in  sizes  of  from 
one  to  twenty- 
two  feeds  and  if 
desired  can  be 
furnished  sub- 
divided to  han- 
dle" two  or  more 
kinds  of  oil. 
l''ully  illustratetl 
and  described  in 
catalog  No.A-53. 


PHENIX  LUBRICATOR  OIL  PUMPS 


These  lubricators  are  especially 
adapted  to  the  librication  of 
high-.spced  engines,  all  power 
plant  auxiliaries,  steam  ham- 
mers, dredges,  hoisting  and  trac- 
tion engines,  etc.  Built  in  sizes 
from  one  to  twelve  feeds,  square 
type  and  one  to  two  feeds, 
round  type.  Can  be  furnished 
with  divided  tanks  if  desired. 
Salient  Features:  Delivers  oil 
against  any  pressure  up  to  seve- 
ral thousand  pounds — at  any 
lever  stroke  from  \  to  7  inches 
regardless  of  changes  in  tempera- 
ture or  viscosity  of  oil  or  length 
of  feed  line.  Fully  illustrated 
and  described  in  catalog  No. 
A-54. 
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THE  RICHARIXSON-PHENIX  CO. 

12()   Hkskuvoir  Ave.,  IMIJ^WAUKEE,  WIS. 
LUBRICATION   ENGINEERS   AND    MANUFACTURERS 


CENTRAL  OILING  SYSTEMS 

We  advise  and  quote  on  the  necessary  material  and  apparatus  or  design  and 
install  complete  Automatic  Cylinder  and  Bearing  Lubrication  Systems,  in  which 
tJie  oil  is  regularly  and  positively  suppHed  in  just  the  proper  quantities  and,  in 
the  case  of  bearing  lubrication,  is  filtered  and  used  over  and  over  again. 

Our  experience  in  this  work,  extending  over  a  period  of  many  yearS;  has  placed 
us  in  possession  of  valuable  data  on  this  subject  and  there  is  hardly  a  question 
pertaining  to  machinery  lubrication  that  we  have  not  met  and  solved. 

We  would  be  pleased  to  correspond  with  those  interested  in  reducing  lubri- 
cation expenses,  with  a  view  of  explaining  our  proposition  in  greater  detail. 


INDIVIDUAL  OILING  SYSTEMS 


Complete  Richardson  Individual  Oiling  System 

RICHARDSON   AND   PHENIX  INDIVIDUAL  OILING  SYSTEMS  do 

away  entirely  with  the  necessity  of  installing  overhead  storage  tanks,  filters 
buried  in  the  basement,  or  long  lines  of  piping;  starts  and  stops  with  the  engine 
or  machine  to  which  it  is  apphed  and  the  entire  system  is  always  in  sight  of  the 
engineer. 

Sahent  features — low  first  cost,  simplicity,  efficiency,  reliabihty. 

Can  be  applied  to  any  size  and  type  of  engine  or  power  plant  auxiliaries  from 
5  to  5,000  h.p.  Fully  illustrated  and  described  in  our  50  page  Book  A-55,  "Scien- 
tific Lubrication  of  Machinery"  which  also  contains  the  latest  information  on 
the  application,  use  and  selection  of  oils  for  all  power  plant  purposes. 
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THE   TEXAS  COMPANY 

NEW  YORK  AND  HOUSTON 


MANUFACTURERS  OF  LUBRICATING  OILS,  ENGINE  AND  MACHINE  OILS  AND 
GREASES.  LUBRICATING  OILS  PREPARED  ESPECIALLY  FOR  USE  OF  TURBINES, 
GRAVITY-FEED  AND  FORCE-FEED  SYSTEMS  UNDER  ALL  CONDITIONS. 


In  the  modern  power  plant  the  question  of  kibrication  is  one  of  vital  import- 
ance. It  is  a  question  which,  affecting  as  it  does  the  general  efficiency  of  the  entire 
plant,  cannot  be  decided  off-hand. 

Before  an  entirely  satisfactory  solution  is  reached  great  care  and  study  are 
recjuired  on  both  the  part  of  the  consumer  and  the  manufacturer.  The  con- 
sumer must  be  careful  to  the  utmost  in  his  selection  and  employment  of  an  oil. 
The  manufacturer  must  devote  himself  to  the  study  of  conditions  and  methods 
of  lubrication  to  be  in  a  position  to  meet  consumer  requirements. 

This  last  represents  the  part  played  by  The  Texas  Company  in  the  field  of 
lubrication.  A  careful  consideration  of  consumer  requirements  combined  with 
our  extraordinary  facilities — a  high  class  organization  and  excellent  crudes  to 
work  with — has  placed  The  Texas  Company  in  a  position  to  furnish  lubricating 
oils  that  display  high  efficiency  in  checking  friction  and  promoting  economic 
operation. 

In  the  larger  plants  lubrication  is  a  problem  carrying  extra  gravity,  due  to 
the  severer  conditions  of  work  and  it  is  here  that  the  value  of  TEXACO 
LUBRICANTS  is  most  forcibly  demonstrated. 

TEXACO  LUBRICANTS  are  pecuharly  fitted  to  meet  severe  conditions. 
They  lubricate  perfectly,  separate  readily  from  any  water  that  may  get  into  the 
oil  through  leakage  and  they  stand  up  well  under  severe  work,  maintaining  as  high 
lubricating  properties  after  a  thousand  hours  as  shown  when  the  oil  was  new. 

Another  very  essential  feature  that  contributes  to  the  general  excellence  of 
TEXACO  LUBRICANTS  is  their  low  cold  test.  This  is  especially  important 
in  large  stations  where  the  oil  is  pumped  from  a  central  filtering  plant  to  the 
engine.  It  will  eliminate  the  shutting  down  of  the  station  in  cold  weather  on 
account  of  the  oil  having  congealed. 

The  TEXACO  OILS  for  general,  rolling-mill  and  manufacturing  plant  lubri- 
cation are  of  such  a  juiture  that  great  economy  will  result  in  their  use.  Every 
requirement  of  lubrication,  whether  power  economy,  general  plant  economy,  or 
cost  can  be  met  by  TEXACO  LUBRICANTS. 

We  '  ublish  a  quarterly — "Lubrication."  It  ought  to  contain  something  of 
interest  to  you.     It's  yours  for  the  asking. 

Address  Department  AI.  E. 

17  Battery  Place,  N.  Y.  City. 

THE  TEXAS  COMPANY. 
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THE  AJAX  METAL  COMPANY 

FRANKFORD  AVE    &  RICHMOND  ST.  PHILADELPHIA,  PA. 

BEARINGS,  BRONZE  BEARING  METALS  AND  BABBITT  METALS. 


AJAX  PLASTIC   BRONZE 

For  about  twenty-five  years  it  has  been  known  that  copper-tin-lead  alloys 
make  the  most  successful  bronze  bearings.  Previous  to  this  copper-tin  alloys 
without  lead,  known  as  gun  metal,  were  the  standard.  Lead  wa.s  found  to  give 
the  alloy  a  certain  yielding  or  plastic  nature  so  essential  to  a  good  bearing  metal. 
Later  as  the  result  of  experiments  made  by  the  Pennsylvania  Railroad,  the  follow- 
ing facts  were  proved: 

1 — Loss  of  metal  by  wear  under  similar  conditions  diminishes  with  increase  of 
lead. 

2 — Loss  of  metal  by  wear  under  similar  conditions  diminishes  with  the  diminu- 
tion of  tin. 

3 — Capacity  for  heating  is  likewise  greatly  reduced  under  the  same  condi- 
ditions,  viz:  with  increase  of  lead  and  diminution  of  tin. 

Appreciating  the  value  of  higher  lead  and  lower  tin  than  is  contained  in  other 
bearing  alloys,  we  succeeded  after  long  experiment  in  producing  such  a  metal, 
and  have  been  granted  patents  thereon.  It  is  the  alloys  made  under  these  patents 
that  we  term  "Ptastic  Bronze."  A  guaranteed  rate  of  wear  50  per  cent  slower 
than  any  other  bronze  on  the  market,  and  less  liability  of  heating,  under  similar 
circumstances. 

HOW  DO  WE  KNOW  IT  WILL  DO  WHAT  WE  CLAIM  FOR  IT? 

1 — Knowledge  gained  by  systematic  study  of  the  copper-tin-lead  and  the 
copper-tin-lead-zinc  series  of  alloys  on  our  up-to-date  Testing  Machine, 
especially  designed  for  the  purpose. 

2 — Experiments  of  the  large  Railroads  in  the  country,  and  others  who  have 
been  using  it. 

REFERENCES   GLADLY   FURNISHED 

Plastic  Bronze  has  now  been  on  the  market  about  ten  years,  during  which 
time  we  have  sold  upwards  of  50,000,000  pounds,  which  should  speak  for  itself. 
We  invite  comparative  tests,  and  will  furnish  sufficient  material  for  such  purpose, 
with  understanding  if  same  does  not  show  50  per  cent  longer  life  than  any  bronze 
on  the  market,  it  will  be  returned  at  our  expense. 

We  solicit  your  valued  attention. 

AJAX  BULL  BABBITT 

We  have  given  this  name  to  a  special  brand  of  Babbitt  Metal  made  exclusively 
by  our  company,  which  is  always  poured  into  ingots  having  on  their  upper  faces 
the  impression  of  a  bull's  head.  This  metal  was  designed  for  general  purposes 
and  answers  in  ninety-nine  cases  out  of  a  hundred  where  genuine  Babbitt  is 
being  used. 

It  is  a  Babbitt  costing  only  about  half  as  much  as  the  genuine,  and  in  most 
cases  it  will  do  better  work.  It  can  be  used  for  all  bearings  except  those  carrying 
an  extremely  heavy  load,  and  will  run  cool  at  any  speed. 

We  are  selling  tons  of  this  metal  every  month  and  it  is  giving  entire  satisfac- 
tion wherever  used. 

AJAX   GENUINE  BABBITT 

Our  genuine  Babbitt  metals  are  strictly  composed  of  copper-tin  and  antimony, 
made  in  two  grades  for  distinctive  uses.  We  guarantee  these  to  be  alloyed  in 
such  manner  that  the  structure  shall  be  uniform  and  free  from  segregation. 

OTHER  AJAX  PRODUCTS 

Are  described  in  our  complete  catalogue. 
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LUMEN  BEARINCx  COMPANY 

BUFFALO  TORONTO 


BRASS  FOUNDERS 


LUMEN  BRONZE  BEARINGS  are  the  standard  for  comparison.  We  recom- 
mend their  use  in  electric  motors,  machine  tools,  bridge  bearings,  heavy  com- 
pression service,  etc. 

T.umen  is  25%  lighter  than  any  bronze  capable  oi  the  same  bearing  ca- 
pacity, and  about  40%  less  expensive. 

(Special  ])ain])hlet  will  be  mailed  ui)on  request.) 

L.  B.  MANGANESE  BRONZE  is  of  unusual  merit  and  above  the  average. 

It  will  show  a  tensile  strength  of  at  least  75,000  lbs.,  with  other  physical 
properties  in  proportion. 

No.  8  ALLOY  (PURE  COPPER)  is  for  electri(!al  purposes  requiring  a  conduc- 
tivity of  85.  This  test  in  sand  castings  is  unusual,  and  the  product  has  met 
with  in.stant  commercial  favor. 

OUR  COPPER-TIN-LEAD-ZINC  ALLOYS  are  standard  for  various  purposes. 
Full  information  will  be  gladly  furnished. 

BABBITT  METALS  made  to  your  formula  or  ours. 

SCIENTIFIC  METALLURGY  is  the  basis  on  which  we  have  built  our  reputa- 
tion. Our  laboratory  directs  the  composition  and  controls  the  manufactvn-e 
of  all  alloys. 

Our  experience  and  research  work  enable  us  to  furnish  r(>liable  engineering 
data  concerning  the  phj'sical  properties  and  uses  of  bronze  and  other  non-fen ous 
alloys. 
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THE    (JAHLOCK    PACKINCJ   COMPANY 

PALMYRA,  N.  Y. 


New  York 
Chicago 


SI.  I-ouis 
Clfvoland 


Denver 
Boston 


Pittsburgh 
New  Orleans 


Philadelphia 
San  Francisco 


MANUFACTURERS   OF   FIBROUS   AND   METAL  PACKINGS  FOR   EVERY  CLASS 

OF  SERVICE. 


Style  No.  200  High  Pressure  Packing  will 
give  reliable  and  efficient  service  without  in- 
jury to  piston  rods,  because  it  is  thoroughly 
lubricated  tlu'oughout  every  fibre,  and  the 
material,  design  and  workmanship  are  un- 
equalled for  use  against  high-pressure  steam. 


Style  No.  200 


rfl 


Style  No.  900  Sheet  is  not  affected  by  any  tem- 
jiorature  up  to  670"  Fahrenheit,  and  has  a  tensile 
strength  of  more  than  6000  pounds  per  square  inch. 
It  is  adapted  to  steam,  air,  ammonia,  acids,  or  any 
service  where  a  sheet  packing  can  be  used — par- 
ticularh^  desirable  for  superheated  steam. 


T 


r 


Style  No.  446  Duo 
for  medium  pressure  is 
a  combination  of  High-  Style  No.  900 

Pressure  and  Sectional 

Rings  put  up  in  sets  to  exactly  fill  stuffing  box. 
The  Sectional  Rings  adapt  themselves  automatic- 
ally to  rods  not  running  true,  while  the  High- 
Pressure  Rings  bear  the  brunt  of  the  pressure  and 
heat  at  bottom  of  stuffing  box. 


Style  No.  446 


Oarlock  Packings  are  made  in  over  two  hundred  styles  and  combinations  to 
meet  every  known  requirement.  We  will  assume  entire  responsibility  in  selecting 
the  proper  styles  or  combinations  of  our  packings  to  work  successfully  and  eco- 
nomically under  any  stated  conditions;  and  if  goods  are  not  wholly  satisfactory 
to  customer  we  will  refund  promptly  the  cost  of  same.  A  card  will  bring  oin- 
catalog  which  fully  illustrates  and  describes  our  various  styles  of  packings. 


149 


Gaskeis 

GOETZE   CxASKET  AND  PACKING  CO. 

22  ALLEN  AVE.  NEW  BRUNSWICK,  N.  J. 

METAL  GASKETS  OF  VARIOUS  TYPES.     METALLIC  ENGINE   PACKING.     SHEET 
PACKING  FOR  FLANGES.      VALVE  GASKETS. 


"DEVO"  GASKETS 

The  latest  Goetze  product  is  the  new  DE\0  Gasket  for  high  pressure,  super- 
heated and  saturated  steam  and  other  unusually  severe  conditions.  This  gasket 
is  fully  described  in  five  words:  Corrugated — Steel — Asbestos — Covered — 
Graphited. 

It  combines  the  great  mechanical  strength  and  everlasting  durability  of 
Goetze  copper  and  asbestos  gaskets,  while  at  the  same  time  it  is  sold  at  a  much 
lower  price.    In  fact,  a  price  which  compares  favorably  with  inferior  ga  kets. 

a^,,,,,.,^,^  DEVO  Gaskets  appeal  to  every  practical  engi- 

JfiMte^i/^  \  neer  because  they  are  absolutely  indestructible  and 

fow^       J  I  the  nearest  approach  to  a  ■permanent  and  everlasting 

'^^^^"""ym^  gasket  that  has  ever  been  attained. 

/^^^^^^.  <^^WR  FIVE  YEAR  GUARANTEE 

My^^/'^^T-^S^^fO^  Every  Devo  Gasket  is  guaranteed  for  five  years 

//7y4^y'^^  and  will  be  replaced  within  that  time  if  it  fails  to 

f  f/^i-  Uk  ^^  -f"^ y*^  \  \  make  good.      Will  make   any   pipe   line  absolutely 

Vk^Sp^  IJnSi^  I  (ig},(  ^^,1  ,viii  never  blow  out. 

y^U^Sy^///  SHIPPED  ox  90  DAYS'  TRIAL 

Qjf'2i/SK;©'TiS  And  you  need  not  pay  for  them  if  they  fail  to 

<MjWfeg|W|Kp. "^^^j^b         make  good  on  every  claim.    We  take  the  chances, 

not  you. 

Goetze's  Elastic  Corrugated  Copper  Gasket  with  Asbestos  Lining  No.  2,  for 

flanges,  makes  a  joint  practically  as  leak-proof  as  the  pipe  itself,  even  with  tlio 
I'oughest,  most  imeven  surfaces. 

GOETZE'S  VALVE  GASKETS 

save  trouble  and  money.  They  are  for  \'alves  of  Jenkins  Type  and  are  made  of 
copper  and  asbestos. 

♦'  GOETZFRIT  " 

is  a  sheet  packing  for  flanges  made  from  ]jure,  prime,  asbestos  fibre,  compressed 
under  an  exceedingly  high  pressure  and  impregnated  with  a  substance  which 
makes  it  proof  against  the  action  of  superheated  and  saturated  steam,  acids, 
ammonia,  gas,  alkaline  products,  etc.  It  is  made  in  sheets  approximately  39 
inches  by  39  inches  of  any  desired  thickness,  and  ready-made  gaskets  for  standard 
and  extra-heavy  flanged  fittings  of  from  one  inch  to  24  inches  in  diameter  are 
kept  in  stock.     Price  in  sheets  $1.00  per  lb. 
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GOETZE  GASKET  AND  PACKING  CO. 


Goetze's  Gaskets  are  a  guarantee  against  frequent,  costly  shut-downs 
for  packing  renewals. 

Price  List 


For  Standard  Flanged  Fittings 

II 

For  Extra  Heavy  Flanged  Fittings 

Size  of  Gaskets 

Size  of 

Size  of  Gaskets 

Price   per 

in.   X  outs.  dia. 

Pipe 

in.  X  outs.  dia. 

Price  per 

Goctzo 

Price  per 

Price   per 

No.  2 
Gasket 

Devo 

Devo 

No.  2 
Gasket 

Gasket 

Gasket 

inches 

inches 

inches 

.16 

.13 

IM  X    2H 

1 

IM   X     2% 

.14 

.18 

.20 

.16 

IH  X    2% 

IK 

W-i.  X     3^ 

.21 

.27 

.24 

.19 

1?^  X    3 

1^ 

IM  X    31^ 

.24 

.30 

.32 

.25 

2%  X     A 

2 

2>€  X     4M 

.29 

.36 

.40 

.32 

2H  X     4M 

2H 

2M  X     5 

.36 

.45 

.48 

.38 

SH  X     5M 

3 

3M  X     5K 

.43 

.54 

.56 

.45 

3H  X     6M 

3y2 

3M  X     614 

.50 

.63 

.64 

.51 

4M  X    evs 

4 

4M  X     7 

.57 

.72 

.72 

.57 

4M  X     6K 

43^ 

4M  X     1% 

.65 

.81 

.80 

.64 

5M  X     7H 

5 

5}4  X    8^ 

.72 

.90 

.96 

.77 

6H  X     85^ 

6 

6M  X    9M 

.86 

1.08 

1.12 

.89 

714  X     9-8 

/ 

7K  X  lOJs 

1- 

1.26 

1.28 

1.02 

8M  X  lO's 

8 

■8M   X  12 

1.15 

1.44 

1.44 

1.15 

9M  X  12?8 

9 

9M   X  13 

1.29 

1.62 

1.60 

1.28 

lOJi  X  1334 

10 

lOK  X  14M 

1.40 

1.80 

1.92 

1.35 

12H  X  16 

12 

12J4   X  16M 

1.73 

2.16 

GOETZE  METALLIC  PACKING 
Style  D 


For  Steam  Engines,  Pumps,  Compressors,  Etc. 

WILL  KEEP  Yom-  PISTON  rod  perfectly  .smooth. 

WILL  LAST  For  years,  and  that's  how  you  will  save  a  lot  of  worrj- 

and  unnecessary  work  in  repacking. 

OUR  GUARANTEE     Will  be  for  three  years,  providing  the  piston  rod  is  true 
and  in  good  condition. 

Write  us  at  once  and  we  will  be  glad  to  send  full  par- 
ticulars and  price. 
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Packings  and  Gaskets 


LA  FAVORITE  RUBBER  MFG.  CO. 

PATERSON,  N.J. 

MANUFACTURERS  OF  PERRY    SPECIALTIES,   PACKING,  GASKETS,  VALVES, 
RUBBER  GOODS,  ETC. 


Perry  Sheet  Packing 


Gauge  Glass  Washers 


PERRY  SHEET  PACKING 

Plain  or  Wire  liLserted. 

Made  in  rolls  of  about  200  lbs.  each,  ^,  re,  ^,  |,  j^,  \,  f , 
h  inch. 

Perry  Red  Sheet  is  the  old,  pvu-e,  original  and  genuine  Red 
Sheet  Steam  Packing  brought  out  by  Mr.  Perry  in  1886,  and 
since  perfected  by  him.      We  guarantee  every  ounce  of  it. 

Perry  Brown  Sheet  especially  designed  to  resist  extreme 
heat  and  high  pressure. 

BUiek  Sheet  Pdcking  used  with  phenomenal  success  in  the 
oil  industry  as  an  oil  resisting  packing.  Equally  good  on 
alkali,  acid  or  steam  joints. 

White  Sheet  Packing  a  good  packing  for  general  service. 
Similar  to  red. 

''Annorplate^'  Sheet  has  stood  610"  Fahr.  and  is  most  ex- 
cellent for  su])('i'h('ated  joints. 

"MARVEL"  GAUGE  GLASS  WASHERS 

This  cut  illustrates  the  patented  construction  of  "Marvel" 
Gauge  tilass  Washers  by  means  of  which  they  are  automatic- 
ally tightened  by  pressure  from  within  the  gauge  glass.   The 
greater  the  pressure  the  tighter  the  inner  lip  is 
held  against  the  glass.  Saves  lots  of  trouble  in 
the  boiler  room  and  many  glasses. 

DOUBLE  FOLD  GASKETS 

The  Gasket  is  a  combination  of  Para  (liun 
and  Long  Fiber  Asbestos  construct(Ml  in  such  a 
manner  as  not  to  be  affected  l)y  boiling  watei-, 
high  pressure  steam,  acid  or  oil. 

Being  flexible  and  resilient  it  adjusts  it.self  to 
any  foian,  the  Double  Fold  adding  greatly  to  its 
strength,  and  when  by  our  method  it  is  inserted 
with  brass  wire,  it  is  the  strongest,  longest-lived 
Gasket  when  taken  care  of  and  properly  applied. 
This  cut  shows  a  Double  Fold  Gasket  after 
having  been  used  five  times  to  repack  the  same  joint.     The  engineer  was  so 
well  pleased  he  returned  it  of  his  own  accord,  that  we  might  see  it. 
GILT  EDGE  PISTON  PACKING 
Made  Round,  Oval  and  Square. 

There  is  no  piston  packing  today  more  conscientiously  made  to  give  service 
than  Gilt  Edge  Red  Core  or  Plain  Piston  Packing. 

The  fine  lubrication  used,  the  best  long  fibered 
duck  and  the  rubber  to  create  the  cu.shion  and  bind 
it  together  make  it  as  good  as  we  know  liow  to 
make  it  after  40  years  of  experience. 

It  is  used  in  some  high  speed  engines  many 
months  over  a  year,  and  as  a  Valve  Stem  Packing 
it  cannot  be  improved. 

We  make  any  size  piston  packing  for  any  service 
^g^^^  and  pressure  up  to  5,000  lbs. 

m/f^^       /^^^  SEMI-METALLIC  VALVE  DISCS 

^^^^^^^^k      fl^^^^^         High  Pressure,  Radiator  and  Soft  liubber. 
^H  ^H     j^B^  ^^^         Our  high  pressure  discs  are  used  on  superheat  steam 

^^^^^^^^     ^^^^^^V     ]  )ii)e  lines  wit  h  wonderful  success — write  for  a  sample 
^^^B|^^^       ^^^^^^       o  test,  you  will  not  use  anything  else. 
^^^^^^  We  stock  the  sizes  to  fit  Standard  Valves. 

Complete  catalogue  of  Perry  Products  on  Request. 
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Double  Fold  Gaskets 


"Gilt  Edge"  Piston  Packing 


Semi-Metallic  Valve  Disc 


Metallic  Packings 


THE  METALLIC  PACKLNG  (S:  MFCJ.  CO. 

L.  H.  KARTELL,  Mechanical  Engineer  &  Gen'l  Manager 

ELYRIA,  OHIO 
MAKERS  OF  MARTELL  PACKINGS 


MARTELL  METAL  PACKINGS 

Mart  ell  IMetal  Packings  embody  the  results  of  more  than  twenty  years  spent 
in  design,  manufacture,  sale  and  use  of  all  kinds  of  packings.  They  are  made  to 
meet  all  conditions  and  are  in  successful  use  in  connection  with  steam,  gas, 
water,  oil  and  chemicals  of  various  kinds. 


t  TTT»TTTT»,T 


For  steam  piston  rods  in  ordinary  size  and  service 


For  Corliss  valve  stems 


We  believe  and  can  demonstrate  that  the  design  of  Martell  Metal  Packings 
obtains  a  maximum  of  efficiency,  economy,  safety  and  simplicity. 

All  Martell  Piston  Rod  Packings  float  freely  and  easily  with  the  lateral  motion 
of  the  piston  rod. 

Martell  Corliss  Valve  Stem  Packings  rotate  with  the  stem,  and  support  same. 
They  never  cut  or  abrade. 

Do  not  confuse  Martell  Metal  Packings  with  so-called  metal  packings  that 
depend  upon  distortion  or  forcible  compression  of  metals.  Martell  Metal  Pack- 
ings are  strictly  mechanical  and  automatic,  and  to  this  is  due  their  exceptional 
efficiency,  long  life  and  economy. 

The  experience  gained  by  twenty  years  of  painstaking  observation  and  careful 
analysis  without  prejudice  is  always  at  the  disposal  of  designers,  builders  or 
owners  of  power  plants,  or  other  machinery  requiring  packing. 

Many  of  the  largest  power  installations  in  the  country  are  fitted  with  Martell 
Metal  Packings.     They  are  strictly  guaranteed  and  will  be  placed  on  approval. 
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Iron   Cements 


SMOOTH -ON  MANUFACTURING  CO. 

570-572-574  Communipaw   Avenue 
JERSEY  CITY,  -  NEW  JERSEY 

SMOOTH-ON  IRON  CEMENTS  AND  SMOOTH-ON  CORRUGATED 
METAL  GASKETS 


"Trade  Mark-Reg.  U.  S 
Pat.  Off." 

SMOOTH-ON  IRON  CEMENTS  No.  i  AND  No.  2 

These  cements  are  chemioal  Iron  Cements,  prepared  and  sold  in  powder  form 
for  repairing  leaks  or  breaks  in  castings  and  for  making  connections  in  steam 
or  hydraulic  work.  They  withstand  fire,  water,  steam,  oil  and  very  high  pres- 
sures. No.  1  is  quick  hardening.  No.  2  is  slow  hardening  and  hydraulic.  They 
must  be  applied  to  cold  metal  as  a  paste  or  puttj'.  Expansion  and  contraction 
when  hard,  the  same  as  cast  iron. 

SMOOTH-ON  ELASTIC  CEMENT  No.  3 
This  is  an  Iron  Cement,  prepared  and  sold  in  paste  form  for  use  on  all  seams 
of  boilers  or  tanks  to  stop  leaks,  for  boiler  patching  and  for  screw-thread  joints. 
Also  for  repairing  very  fine  cracks.  This  cement  is  hardened  by  heat  and  is 
applied  as  a  paint,  paste  or  putty  to  hot  or  cold  metal.  Expansion  and  con- 
traction when  hard  is  the  same  as  cast  iron. 

SMOOTH-ON  CASTINGS  No.  4 
This  is  a  chemical  Iron  Cement  for  repairing  blemishes,  blowholes  or  defects 
in  iron  or  steel  castings,  having  the  same  color  and  appearance.    Made  in  powder 
form  for  use  by  foundrymen  as  a  putty.     Two  grades,  A  and  R. 

SMOOTH-ON  JOINTS  No.  5 
This  is  an  Iron  Caulking  Cement  for  bell  and  spigot  cast  iron  soil  and  green- 
house pipes  to  be  used  in  place  of  or  in  combination  with  caulking  lead. 

SMOOTH-ON  RIVET  IRON  CEMENT  No.  6 
This  is  a  Metallic  Cement  for  making  water-tight  joints  on  ship's  sides;  iron 
steel  or  wood,  bridge  work,  construction  work,  metal  skylights  and  vault  lights' 
Withstands  temperature  changes  and  salt  water.     Prepared  and  sold  in  putty 
form. 

SMOOTH-ON  IRON  CEMENT  No.  7 

This  is  a  hydraulic  Iron  Cement,  prepared  and  sold  in  powder  form.  For 
waterproofing  concrete  surfaces,  brick  surfaces,  stopping  leaks  in  concrete  walls, 
floors,  roofs  and  for  bonding  concrete.  Apply  alone  or  in  combination  with 
Portland  cement. 

SMOOTH-ON  CORRUGATED  METAL  GASKETS 

Smooth-On  Gaskets  are  made  from  sheets  of  specially  prepared  metal,  rolled 
with  concentric  corrugations  and  then  coated  with  one  application  of  Smooth-On 
Elastic  Iron  Cement.  They  are  the  best  gaskets  for  flanged  joints,  for  any  pres- 
sure or  tempei-ature,  for  steam,  water,  fire,  oil,  air  or  ammonia. 

Smooth-On  Cements  are  sold  only  in  tin  packages. 
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Boiler   Compounds 


THE   METROPOLITAN  COMPOUND 
MANUFACTURING  CO. 

367-373    FULTON    ST.,    BROOKLYN,    N.    Y. 

(Suite  501) 
Telephone  Main  '-Vl'lT 

WATER   PURIFYING    CHEMICALS   AND    SPECIALTIES 


CLEAN   BOILERS 


It  is  perfectly  po3sible  nowadays  to  keep  boilers  clean  and  in  good  condition 
at  small  cost,  no  matter  what  kind  of  feed  water  is  used.  Keeping  Boilers  clean 
(free  from  scale)  prolongs  their  years  of  usefulness,  and  increases  their  efficiency. 

When  boilers  are  allowed  to  become  foul  (corroded  or  coated  with  scale), 
the  amount  of  fuel  requii'ed  to  maintain  steam  is  greatly  increased,  and  the 
possibility  is  always  present  of  their  bursting  with  disastrous  results  to  life  and 
property. 

The  increased  amount  of  fuel  required  for  varying  amounts  of  boiler  scale  over 
that  required  when  boilers  are  clean  has  been  ascertained  by  Professors  War- 
bcrton  and  Ashbridge  to  be  as  follows: 

(The  following  tests  were  made  b}'  Profs.  Warberton  and  Ashbridge.) 

That  1-16  inch  of  scale  causes  a  loss  of  over  20%  of  fuel. 

M         "     "         "       "       "     "       "         40%    "  " 
K         "     "        "       "       "     "       "     "    60%    "  " 

and  more  in  proportion  to  the  thickness  and  hardness  of  the  scale. 

From  the  standpoint  of  economy  no  further  argument  should  be  needed  in 
favor  of  using  every  possible  effort  to  prevent  boiler  scale  and  corrosion. 

Another  and  even  more  vital  reason  is  the  ever  present  liability,  when  scale 
and  corrosion  exist,  of  an  explosion  with  its  attendant  calamities, — death  and 
destruction. 

METROPOLITAN   BOILER   COMPOUNDS 

Metropolitan  Boiler  Compounds  are  purely  vegetable,  containing  no  kerosene, 
soda,  potash,  acids  or  any  other  corrosive  substances. 

We  do  not  claim  that  any  one  compound  will  meet  every  condition  of  boiler 
trouble,  but  on  the  contrary  request  in  every  case  that  we  be  allowed  to 
analyze  the  feed-water  or  scale,  and  prescribe  accordingly. 

All  of  our  compounds  are  prescribed  after  careful  diagnosis  of  each  case,  and 
if  used  according  to  directions  will  clean  out  the  scale  from  a  boiler  and  keep  it 
clean. 

Correspondence  solicited. 
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Boiler  Settings 


HARBISON-WALKER 
REFRACTORIES    COMPANY 

PITTSBURG,  PA. 

Sales  Offices  :  Pillsburg,  Chicafj;o,  Philadolpliia,  New  York,  liirraiiigliam 
Pl.vnts  in  PennsylvaTiia,  Indiana,  Alabama,  Ohio,  Kt-ntufky 

FIRE  CLAY,  SILICA,   MAGNESIA  AND   CHROME  BRICK  FOR  THE    POWER   PLANT, 
THE  IRON  AND  STEEL  INDUSTRY,  THE  CEMENT   PLANT,   ETC. 

Highest  Quality  Fire  Brick,  including  Tongue  and  Groove  Blocks  and  all  special  shapes  for 
Boiler  Settings,  Locomotive  Arches,  Heating  and  Forge  Furnaces,  Cupolas,  etc. 

Magnesia  and  Chrome  Brick  for  the  Open  Hearth,  Electrical  Furnaces,  Dolomite  Kilns,  Bot- 
toms of  Heating  Furnaces,  Copper  Converters,  etc. 


BOILER  SETTINGS 

We  make  a  special  feature  of  manufact  uriui;  brick  for  l)oiler  settings. 

The  different  types  of  ])oilers  and  the  different  fuels  in  use  recpiii-e  varied 
properties  in  the  ])rick  used  in  different  sections  of  the  l)rickwork;  in  some 
cases  the  best  ln'ick  to  use  depends  entirely  upon  the  heat-resisting  proper- 
ties; in  others,  upon  resistance  to  the  impinging  action  of  flame  and  spawl- 
ing;  while  in  others,  upon  the  al^ility  to  resist  the  action  of  clinker  and 
poker,  together  with  heat-resisting  qualities. 

The  large  units  of  the  modern  boiler,  such  as  the  Sterling,  Babcock  & 
Wilcox,  Cahall,  Heine,  Wickes,  Rust,  Maxim  and  other  types,  re(|uire  the 
best  possible  grade  of  brick  in  the  setting,  especially  in  the  arches. 

In  boiler  setting  it  is  important  that  the  workmanship  and  material  be 
such  as  to  minimize  the  possibility  of  a  "shut  down"  due  to  failure  of  any 
part  of  the  brickwork. 

At  our  suggestion  numerous  changes  have  been  made  in  boiler  settings, 
particularly  with  regard  to  the  kind  of  brick  used  at  critical  points;  and 
these  changes  have  Vjeen  followed  by  marked  improvement  in  the  steam 
records  of  the  boiler  plants. 

Whenever  called  upon  to  do  so,  we  will  have  our  engineering  department 
get  out  blue-prints  and  counts,  showing  the  number  and  most  suitable 
brick  reciuired  for  different  sections  of  the  furnace  walls  for  any  tN'pe  of 
boiler. 

Our  technical  men,  our  laboratory  and  corps  of  chemists,  our  engineers, 
are  at  your  service  to  solve  any  problems  in  the  use  of  refractories. 

CAPACITY  AND  SHIPPING  SERVICE 

We  operate  numerous  plants  in  the  States  of  Pennsylvania,  Indiana, 
Ohio,  Iventucky  and  Alabama,  from  which  we  can  promptly  and  economic- 
ally supply  our  various  brands  of  high-grade  refractory  materials. 

The  total  daily  capacity  of  our  plants  is  1,100,000  bricks. 
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Thermometers  and  Controllers 


C.  J.  TAGLIABUE  MFG.  CO. 

3ua-3iJ8  BROADWAY,  NKW  YORK,  N.  Y. 

Manufacturers  of 
INSTRUMENTS  FOR  INDICATING,  RECORDING    AND    CONTROLLING  TEMPERATURE 

AND  PRESSURE. 


MERCURIAL  THERMOMETERS 

Hohmann-type,  as  well  as  types  of  lower  quality,  in  various 
sizes,  forms  and  scale-ranges  as  required  for  the  particular  ap- 
plications to 

Stationary  Power  Plants 

Marine  Power  Plants 

Refrigeration  Systems 

Water  Cooling  and  Distillation 

Ventilating  and  Heating,  etc. 

AUTOMATIC  CONTROLLERS 

Of  several  typos  and  various  forms,  according  to  require- 
ments, for  autoinaf  ically  maintaining — at  exact  point  desired — 
cither  temperature  or  pressure  when  applied  to 

Condensers  Forced  and  Induced  Draft 
Feed  Water  Heaters  Systems 

Hot  Water  Service  Tanks  Water  Purification 

Stoker  and  Blower  Systems  Condensing  Systems,  etc. 

Also  for  automatically  maintaining  a  constant  Water  Level 
in  Steam  Boilers. 

GAGES 

Mercurial,  Water  and  Oil,  of  various  types,  for  Vacuum  and 
Pressure. 


Hohmann-type 
Thermometer 


OIL  TESTING  INSTRUMENTS 

Hydrometers,  ^'iscosimeters,  Flash 
and  Burning  Point  Testers,  Freezers, 
Gage  and  Wantage  Rods,  etc. 


MISCELLANEOUS 

Engineers'  Testing  Sets,  Pyrom- 
eters, Barometers,  Hygrometers,  Hy- 
drometers, Orsatt  Apparatus,  etc. 


'Perfect"  Type  Automatic  Temperature  Controller 
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THE     SPRING     MEETING 

The  Spring  Meeting  in  Cleveland,  now  in  progress,  promises  to  be 
one  of  the  most  interesting  ever  held  by  the  Society,  and  both  the 
Committee  on  Meetings  and  the  local  members  in  that  city  have 
made  every  provision  for  the  pleasure  and  profit  of  the  visitors. 
In  addition  to  the  excellent  technical  program  which  is  offered, 
full  advantage  will  be  taken  of  the  many  attractions  which  the  City 
of  Cleveland  has  to  offer.  Its  location  upon  the  lake  makes  it  a 
pleasant  place  to  visit  at  this  time  of  year  and  its  industrial  develop- 
ment gives  the  promise    of  technical   excursions  of  unusual  merit. 

The  meeting  will  open  under  favorable  auspices,  with  an  informal 
reception  at  the  home  of  Mr.  and  Mrs.  Ambrose  Swasey.  Especial 
provision  will  be  made  throughout  the  meeting  for  the  pleasure  and 
convenience  of  the  visiting  ladies,  and  both  members  and  guests  will 
be  entertained  at  the  Country  Club  on  Wednesday  afternoon.  A 
reception  and  dance  will  be  the  social  feature  of  Thursday  evening, 
and  luncheon  will  be  served  in  the  Chamber  of  Commerce  on  both 
Wednesday  and  Friday.  Dr.  Miller's  lecture  on  Wednesday  even- 
ing, on  Sound  Waves,  will  have  many  valuable  and  interesting  features. 

The  arrangements  for  the  reception  of  the  visitors  are  in  the  hands 
of  an  Executive  Committee  of  which  Past-President  Ambrose 
Swasey   is    Chairman. 


INTERNATIONAL  CONGRESS  OF  NAVIGATION 

One  of  the  most  notable  gatherings  of  engineers  ever  held  in  the 
United  States  is  now  in  progress  in  Philadelphia,  where  the  Twelfth 
International  Congress  of  Navigation  opened  on  May  23.  Official 
representatives  have  been  sent  by  thirty  governments,  chosen  for 
their  knowledge  upon  questions  connected  with  the  planning,  con- 
struction and  operation  of  works  for  the  improvement  of  inland  and 
maritime  navigation.  The  Congress  meets  in  the  United  States 
for  the  first  time,  upon  invitation  of  the  Government,  with  which 
the  State  of  Pennsylvania  has  joined  in  making  provision  for  the 
entertainment  of  the  delegates.  The  Society  is  represented  by  Wm. 
T.  Donnelly,  of  New  York,  Honorary  Vice-President. 

At  the  opening  session  on  Thursday,  President  Taft,  Governor 
Tener,  Mayor  Blankenburg  of  Philadelphia,  Brigadier  General  Wm. 
H.  Bixby,  Mem.  Am.  Soc.  M.  E.,  Chief  of  Engineers,  U.  S.  Army, 
and  Prof.  V.  E.  deTiminoff,  acting  president  of  the  Association  of 
Navigation  Congresses,  addressed  the  Congress.  The  work  of  the 
Congress  proper  began  in  the  afternoon  of  the  same  day,  when  many 
questions  bearing  upon  almost  every  phase  of  navigation  engineer- 
ing were  taken  up,  among  them  the  safeguarding  of  navigation  and 
the  prevention  of  marine  disasters. 

Trips  of  inspection  and  social  events  will  occupy  the  time  of  the 
delegates  until  May  29,  including  trips  to  Trenton,  to  the  South 
Bethlehem  steel  works  and  anthracite  coal  region,  to  Atlantic  City 
and  to  Cape  May.  Arrangements  have  also  been  made  for  a  party 
of  the  delegates  to  leave  Philadelphia  on  June  3  for  a  tour  of  the 
Great  Lakes,  and  members  of  the  Society  in  attendance  at  the  Spring 
Meeting  have  been  especially  invited  to  join  this  excursion  upon 
its  arrival  in  Cleveland  on  June  10,  continuing  to  Detroit,  Sault 
Ste.  Marie,  Milwaukee,  and  Gary,  Ind.  Those  who  may  desire  to 
participate  are  requested  to  communicate  at  once  with  Lieut.  Col. 
J.  C.  Sanford,  General  Secretary,  Twelfth  International  Congress 
of  Navigation,  Room  344,  The  Bourse,  Philadelphia,  Pa. 

It  is  expected  that  many  of  the  delegates  will  visit  New  York 
after  the  Congress  has  adjourned  and  a  committee,  consisting 'of 
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Charles  Whiting  Baker,  Chairman,  W.  M.  McFarland,  H.  deB. 
Parsons,  George  B.  Massey,  Stevenson  Taylor,  John  W.  Lieb,  Jr., 
and  Jesse  M.  Smith,  has  been  appointed  and  has  already  extended 
to  the  delegates  a  cordial  invitation  to  make  use  of  the  Society 
rooms  during  their  stay.  The  City  of  New  York  has  offered  the  use 
of  one  of  the  Municipal  Ferries  on  Tuesday,  May  28,  for  a  tour  of  the 
city's  waterways,  going  from  the  battery  down  the  Narrows,  up  the 
East  River  to  Hell  Gate,  and  up  the  Hudson  as  far  as  Yonkers,  thus, 
affording  a  view  of  the  docks,  ferries,  and  other  inland  traffic  arrange- 
ments.   Luncheon  will  be  served  on  board. 

On  account  of  the  conflicting  dates  of  the  Spring  Meeting  of  the 
Society,  more  formal  entertainment  of  the  delegates  has  unfortu- 
nately been  impossible  at  this  time.  Their  welfare,  however,  will 
be  well  cared  for  by  the  American  Society  of  Civil  Engineers  who  have 
planned  a  series  of  receptions  and  excursions.  On  June  6,  an  ex- 
cursion to  Albany  on  one  of  the  Day  Line  steamers  has  been  arranged 
and  members  of  the  Society  are  invited  to  participate.  This  trip 
will  include  stops  at  Interstate  Palisade  Park,  where  the  "Half- 
Moon"  will  be  on  view,  at  West  Point,  either  at  Newburgh  or  Pough- 
keepsie  where  the  "Clermont"  may  be  seen,  and  will  proceed  from 
there  direct  to  Albany.  Those  who  desire  may  return  the  same 
evening  by  train.  The  cost  will  be  the  regular  Day  Line  rates,  $1 
to  West  Point  and  return,  and  $2  to  Albany  one  way. 


LOCAL  MEETINGS  OF  THE  SOCIETY 

No  further  meetings  of  the  Society  in  Boston  ,  New  York,  Phila- 
delphia and  St.  Louis  will  be  held  until  next  September.  The  mem- 
bers living  in  Boston  and  its  vicinity  will  cooperate,  however,  in  a 
meeting  of  the  American  Institute  of  Electrical  Engineers  on  Satur- 
day, May  25,  when  the  topic  of  Low-Pressure  Turbines  will  be 
considered.  In  St.  Louis  the  members  will  join  with  the  Associated 
Engineering  Societies  of  that  city  in  a  meeting  under  the  auspices  of 
the  Engineers  Club,  on  June  5,  when  Mr.  A.  Lee  Moorshead,  Asso- 
ciate Member  of  the  American  Society  of  Civil  Engineers,  structural 
engineer  of  the  Erie  Railroad,  will  give  an  illustrated  lecture  of  the 
construction  of  the  Bergen  Hill  Four-Track  Tunnel  Line  at  Jersey 
City,  with  which  Mr.  Moorshead  has  been  personally  connected. 


HONORARY    MEMBERSHIP    CONFERRED    ON    DR. 

DIESEL 

At  a  meeting  of  the  Society  held  at  the  headquarters  on  the  even- 
ing of  April  30,  Honorary  Membership  was  conferred  upon  Dr. 
Rudolph  Diesel  of  Bavaria.  Dr.  Humphreys,  President  of  the 
Society,  presided  and  called  upon  Col.  E.  D.  Meier,  Past-President 
and  chairman  of  the  committee  of  arrangements,  to  present  Dr. 
Diesel  for  honorary  membership. 

Colonel  Meier  spoke  of  the  debt  of  early  civilization  to  the  dis- 
covery of  fire,  which  became  an  object  of  worship  even  among  the 
most  cultured  peoples  of  the  ancient  world  and  said  that  the  mechani- 
cal energy  of  heat  through  the  medium  of  steam  had  been  utilized 
more  than  two  thousand  years  ago  to  open  and  close  the  massive 
doors  of  the  Egyptian  temples.  Less  than  two  centuries  ago  James 
Watt  first  applied  the  same  power  to  the  useful  arts,  and  manufac- 
tures, means  of  transportation,  mining,  metallurgy,  and  the  pro- 
duction of  all  things  useful  and  beautiful  increased  a  thousandfold. 
At  first  scarcely  two  per  cent  of  the  power  locked  in  the  fuel  could 
be  utilized.  The  genius  of  Woolf,  Corliss  and  their  followers  increased 
this  to  six,  eight,  and  finally  nearly  fourteen  per  cent.  Beau  de 
Rochas,  Otto,  Priestman,  and  other  engineers,  abandoning  the 
intermediary  steam,  produced  explosive  engines  in  which  the  direct 
conversion  of  heat  into  power  reached  a  useful  effect  of  twenty  per 
cent. 

In  1897  after  a  persistent,  patient,  scientific  effort  of  fifteen  years, 
Rudolph  Diesel  presented  to  the  engineering  profession  an  internal- 
comliustion  engine  in  which  controlled  combustion  replaced  explo- 
sions, from  which  ignition  troubles  were  banished  and  which  reached 
twenty-eight  per  cent  of  efficiency,  since  gradually  increased  by 
further  refinements  in  design  to  thirty-five  per  cent. 

Based  on  careful  search  and  investigations  in  independent  lines. 
Lord  Kelvin  and  the  Lnperial  German  Patent  Court  declared 
Diesel's  process  to  be  absolutely  new.  After  ten  years  of  successful 
practical  demonstration  in  as  many  different  countries  and  with  a 
greater  variety  of  fuels  had  proved  his  engine  a  great  conserver  of 
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the  precious  fire,  the  Royal  Technical  University  of  Munich  con- 
ferred on  Rudolph  Diesel  the  dignity  of  the  degree  of  Honorary 
Doctor  of  Engineering  and  the  Technical  Sciences,  as  "the  inventor 
of  the  heat-motor  which  bears  his  name,  the  successful  champion 
for  th(^  improvement  of  the  working  process  of  thermo-power  engines, 
whose  invention  has  advanced  technical  science  and  opened  new 
avenues  for  the  utilization  of  a  widely  disseminated  fuel." 

It  is  for  these  reasons  that  the  Council  of  The  American  Society 
of  Mechanical  Engineers  confers  Honorary  Membership  on  Dr. 
Diesel. 

The  certificate  of  membership  was  then  formally  presented  to 
Dr.  Diesel,  who  expressed  his  hearty  thanks  for  the  honor 
done  him,  and  said  that  his  work  would  never  have  grown  to  its 
present  importance  if  he  had  not  found  in  the  United  States,  as  in 
other  countries  of  the  world,  industrial  men  and  engineers  who 
were  not  afraid  to  devote  their  material  means  and  their  scientific 
and  technical  knowledge  to  the  development  of  ideas  which  they 
recognized  to  be  right  and  to  which  they  remained  faithful  amidst 
difficulties  and  prejudice.  Dr.  Diesel  acknowledged  gratefully  Col. 
Meier's  contribution  to  the  development  in  America.  The  Diesel 
engine  is  not  and  can  not  be  the  work  of  one  man  only,  but  is  the 
combined  work  of  many.  He  expressed  himself  proud  of  a  place 
among  such  names  as  Edison,  Carnegie,  DeLaval,  Westinghouse, 
Isherwood  and  others  who  were  Honorary  Members  of  the  Society. 

An  address  upon  the  Development  of  the  Diesel  Engine  was  then 
made  by  Dr.  Diesel,  under  the  auspices  of  the  Gas  Power  Section 
of  the  Society.  This  address  appears  in  full  in  this  issue  of  The 
Journal. 


MEETING  OF  MASTER  STEAM  AND  HOT  WATER  FITTERS 
The  members  of  the  Sodiety  have  been  cordially  invited  to  attend 
the  annual  convention  of  the  National  Association  of  Master  Steam 
and  Hot  Water  Fitters,  to  be  held  at  the  St.  Charles  Hotel,  Atlantic 
City,  N.  J.,  June  10-13.  The  Society  recently  cooperated  with  a 
committee  of  the  association  in  formulating  a  schedule  of  standard 
weight  and  of  extra  heavy  flanged  fittings,  published  in  the  February 
issue  of  The  Journal,  which  has  been  recommended  to  manufacturers 
for  adoption. 


O  SOCIETY   AFFAIRS 

MEETING  OF  THE  COUNCIL 

A  regular  meeting  of  the  Council  was  held  on  Tuesday,  May  14, 
President  Humphreys  presiding,  at  which  the  applications  for  mem- 
bership recommended  by  the  Committee  on  Membership  were 
approved. 

Desiring  the  assistance  of  the  membership  in  the  preparation 
of  rules  for  the  conduct  of  local  meetings,  the  Council  has  invited 
each  of  the  cities  where  meetings  are  now  held,  to  send  two  repre- 
sentatives to  a  conference  which  will  be  held  in  Cleveland  during 
the  Spring  Meeting,  so  that  the  views  of  all  may  be  represented 
in  the  resolutions  adopted.  In  consideration  of  this  conference, 
action  was  deferred  upon  the  requests  received  from  St.  Louis  and 
San  Francisco  for  the  privilege  of  formulating  geographical  sections. 

The  report  of  W.  H.  Blauvelt  and  B.  F.  Wood,  who  represented 
the  Society  at  the  recent  Conference  on  Patent  Law  held  in  Wash- 
ington, was  received  and  approved. 

The  report  of  the  sub-committee  on  Constitution  and  By-Laws, 
giving  the  phraseology  of  the  proposed  amendments  to  the  con- 
stitution, was  received  and  approved,  and  these  amendments  ordered 
presented  at  the  business  meeting  to  be  held  in  Cleveland. 

The  Council  approved  heartily  of  the  work  of  the  committee  on 
reception  to  the  delegates  of  the  International  Congress  of  Naviga- 
tion, of  which  Charles  Whiting  Baker  is  chairman. 


NEW    PROCESSES    FOR    CHILLING   AND 
HARDENING   CAST   IRON 

By  Thos.  D.  West 
ABSTRACT  OF  PAPER 

This  paper  outlines  a  series  of  experiments  to  determine  the  effect  of  different 
methods  of  treatment  in  chilling  or  hardening  cast  iron  during  the  process  of 
coohng  after  pouring  the  mold. 

The  first  experiments  showing  how  to  produce  mechanically  mottled  and  white 
iron  inside  a  gray  body  led  to  experiments  with  chillers  used  in  different  ways; 
and  with  various  other  heat-absorbing  or  hardening  media,  such  as  air,  charcoal, 
powdered  manganese,  cyanide,  etc.  A  study  was  made  of  the  effectiveness  of 
chillers  of  different  thicknesses  and  of  different  metals;  of  the  effect  of  cooling 
chillers,  etc. 

The  experiments  indicate,  among  other  results,  that  the  accepted  idea  of  chill- 
ing occurring  entirely  while  the  molten  iron  is  solidifying  is  wrong;  and  they 
show  how  stronger  grades  of  iron  can  be  used  for  car  wheels,  rolls,  etc.,  and  still 
obtain  the  desired  depths  of  chill  in  such  castings.  They  also  demonstrate  the 
superiority  of  air  cooling  over  metal  chillers. 
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By  Thos.  D.  West,  Cleveland,  Ohio 

Member  of  the  Society 

Conditions  are  occasionally  such  that  an  "inside  chill"  is  produced 
in  castings,  by  which  is  meant  that  a  casting  \\ath  a  gray  or  soft 
exterior  may  have  the  interior,  or  portions  of  it,  composed  of  a  hard, 
white  or  chilled  iron,  as  shown  in  Figs.  2,  3,  9  and  10. 

2  While  inside  chilling  is  claimed  to  be  produced  by  hydraulic 
pressure,  this  is  not  the  inside  chill  which  has  puzzled  foundrymen, 
and  prior  to  the  mechanical  creation  of  inside  chill  by  the  author,  no 
one,  as  far  as  he  knows,  has  explained  how  it  could  be  produced  at 
will.  The  discovery  of  how  this  can  be  done  is  due  largely  to  experi- 
ments which  the  author  has  been  conducting  during  the  past  two 
years  with  a  view  to  overcoming  the  defects  now  existing  in  chilled 
car  wheels,  and  this  investigation  led  to  other  lines  of  research,  as 
will  be  seen  herein. 

3  Most  of  the  experiments  were  made  at  The  West  Steel  Casting 
Company,  Cleveland,  Ohio.  This  company  makes  castings  by  the 
converter  and  crucible  methods,  the  former  requiring  a  cupola 
similar  to  that  used  in  iron  founding,  and  so  permitting  the  casting 
of  chillable  metals.  The  irons  used  were  approximately  of  the  fol- 
lowing composition:  Carbon  2.75  to  3.25;  silicon  1.75  to  2.00;  sul- 
phur around  0.06;  manganese  and  phosphor  each  about  0.04.  In 
cases  where  a  more  chillable  metal  was  desired,  small  portions  of 
stick  or  powdered  sulphur  were  dropped  on  top  of  the  molten  metal 
when  in  the  hand  ladle. 

4  In  Fig.  1  is  illustrated  the  experiment  that  created  mechanically 
an  inside  chill.  This  gives  views  of  the  mold  used  in  casting  test  speci- 
mens in  open  sand  of  the  size  seen  in  Fig.  5.     The  bar  A  was  cast 
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against  a  chiller  block  as  at  E,  while  bars  B,  C  and  D  were  surrounded 
with  rammed  sand.  The  bars  having  been  poured,  the  gate  connec- 
tions F,  G,  H  and  /  were  broken  and  the  sand  around  C  and  D 
removed  as  soon  as  their  solidification  would  permit.  When  it  was 
thought  C  and  D  would  stand  the  pressure  of  tongs,  they  were  lifted 
quickly  and  C  was  doused  into  a  pail  of  water,  while  D  was  broken 
by  an  assistant  to  tlisplay  couditions  of  its  interior.  The  immersed 
bar  C  having  cooled  to  a  dark  color,  it  was  taken  from  the  water 
and  broken,  and  displayed  an  inside  chill,  such  as  is  seen  at  E' , 


Fig.  1     Mold  foe  Test  Bars  that  Solved  Inside  Chill  Problem 


Fig.  9.  The  bar  D  showed  an  interior  condition  bordering  on  semi- 
molten  metal.  Tlie  chilled  bar  A  showed  that  the  chiller  E  had 
chilled  the  surface  of  A  about  ^  in.  deep,  while  the  bar  B  had  a  nice 
gray  fracture.  Bars  A  and  B  were  not  removed  from  their  molds 
until  nearly  cold. 

5  The  philosophy  of  mechanically  creating  an  inside  chill  exists  in 
the  outside  body  of  a  casting  cooling  slowly  enough  to  allow  the 
carbon  to  take  a  graphitic  form,  while  the  inner  body,  which  is  not 
wholly  solidified,  is  cooled  so  rapidly  that  the  carbon  is  held  in 
the  comljined  form,  similar  to  the  way  it  is  held  in  the  molten  metal. 
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The  graphitic  state  of  the  carbon  in  the  sohdifiecl  body  causes 
the  iron  to  l)e  gray  and  soft,  while  the  combined  state  causes  it  to 
be  hard  and  white,  or  chilUnL 

G  The  ai)ihty  to  create  an  inside  chill  ])y  strictly  physical  manip- 
ulation led  to  the  belief  that  it  might  be  practicable  to  increase 
the  depth  of  a.  chill  beyond  what  present  chillers  can  do,  with 
like  irons.  Especially  was  this  thought  practicable  for  such  castings 
as  chilled  car  wheels  and  rolls.  Several  methods  were  devised  for 
testing  purposes,  but  finally  those  in  Figs.  4,  7,  8,  13  and  14  were 
adopted  for  the  chief  researches.  These  devices  admitted  of  a  wide 
range  for  experiments  and  as  a  rule  led  to  satisfactory  results. 

VARIABLE    CONDITIONS    AFFECTING    CHILLING 

7  As  many  who  are  interested  in  founding  are  not  cognizant  of 
what  is  involved  in  the  chilling  of  cast  iron,  the  following  recital 
is  given  of  actions  that  take  place  and  of  conditions  that  exist  in 
the  process  of  chilling: 

a  Iron  is  chilled  prior  to  any  formation  of  graphite.  A  chill 
may  be  made  harder  by  continuing  to  cool  it  while  the 
adjoining  metal  is  still  in  a  semi-molten  state  or  very 
hot;  as  by  this  action  any  backward  annealing  to  soften 
the  chill  is  more  or  less  retarded. 

h  Under  like  conditions,  the  lower  the  silicon  and  the  higher 
the  sulphur  and  carbon,  the  deeper  the  chill. 

c  Under  like  conditions,  the  chill  will  be  deeper  the  smaller 
the  area  of  the  cross-section  to  be  chilled. 

d  Under  Hke  conditions  the  less  the  thickness  in  the  chiller 
below  what  can  be  utilized,  the  less  the  chill  in  the 
casting. 

e  The  longer  the  casting  remains  in  close  contact  with  its 
chiller  while  its  metal  is  in  a  chillable  state,  the  deeper 
the  chill. 

/  The  more  fluid  or  the  hotter  the  metal  used  in  pouring  a 
chiller  mold,  all  other  conditions  being  the  same,  the 
deeper  the  chill,  from  |  in.  to  possibly  |  in.;  and  the 
greater  the  chillable  nature  of  the  metal,  the  more  pro- 
nounced this  effect. 

g  Not  all  grades  of  cast  iron  are  chillable.  It  requires,  as  a 
rule,  for  iron  of  a  general  carbon,  less  than  2  per  cent  of 
siUcon  and  above  O.OG  per  cent  of  sulphur. 
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h  On  account  of  the  variable  percentages  of  silicon,  sulphur 
and  carbon  required  to  produce  chilled  castings,  ranging 
from  1.75  dowii  to  0.50  for  silicon,  from  0.10  down  to  0.05 
for  sulphur,  and  from  4.00  down  to  2.50  for  carbon,  it 
can  be  seen  that  there  must  be  what  are  commonly  called 
"grades"  in  chillable  irons. 

MOLD    FOR   MAKING    COMPARATIVE    CHILLING   TESTS 

In  order  to  make  comparative  tests,  a  twin-chiller  mold  was 


Gate 


Shaded  lines  gray  or 
soft  iron 


Black,  white  or  chilled  irou 


Fig.  2  Fig.  3 

Castings  with  Gray  Extebior  and  Chilled  Interior 


designed,  shown  in  Figs.  4,  7  and  8.  By  having  the  two  molds  com- 
bined so  that  they  could  be  poured  from  the  same  basin,  it  was  pos- 
sible to  make  all  the  conditions  alike  in  both,  except  the  one  which 
it  was  desired  should  vary  for  the  particular  test  under  way.  The 
mold  was  further  designed  to  produce  conditions  similar  to  those 
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pxistinp;  wlion  casting  cliillod  oar  wliools  and  rolls.  In  making  theso 
latter  castings  tiic  contraction  of  the  cliillcd  crust  and  th(>  expan- 
sion of  the  chiller  create  a  space  between  the  exterior  body  of  the 
casting  and  the  interior  face  of  the  chiller.  The  ability  to  create  a 
space  as  above  in  this  experimental  mold  and  to  apply  a  heat- 
absorbing  element  to  it  in  connection  with  other  actions  or  treat- 
ment referred  to  Iat(^r  on,  made  it  possible  to  conduct  a  large  num- 
lier  of  very  satisfactory  comparative  tests. 

9  In  order  to  obtain  a  variable  action  so  far  as  the  chillers  P, 
Fig.  4,  were  concerned,  the  braces  M  were  removed  and  the  wedges 
N  driven  down.  If  it  were  desired  to  have  the  space  K  in  both 
molds,  two  persons  were  employed  to  work  in  unison  at  their  re- 
spective ends.  The  Avedges  A''  would  not  be  knocked  down  until  the 
metal  filling  the  mold  showed  evidence  at  the  top  edge  of  the  bars 
of  liaving  solidified  sufficiently  to  produce  a  self-sustaining  crust. 
It  was  rather  remarkable  in  the  air-cooling  tests,  to  be  described 
later  on,  how  clearly  the  rate  of  cooling  and  inner  solidification 
could  be  judged  by  the  changing  color;  of  the  hot  metal  at  the  top 
edge  of  the  bars  next  the  chillers. 

10  In  casting  bars  intended  to  be  kept  in  close  contact  with 
their  chillers,  either  the  runners  connecting  the  pouring  basin  with 
the  mold  must  be  broken  as  soon  as  the  metal  in  them  has  solidified 
sufficiently  to  permit  such  action ;  or  care  must  be  taken  when  pouring 
the  molds  not  to  fill  them  any  higher  than  the  level  of  the  bottom 
of  the  pouring  runners.  By  these  means  the  disturbing  influence 
due  to  the  contraction  of  the  runners  and  pouring  basin  is  avoided. 

11  Fig.  5  shows  the  form  and  size  of  the  pattern  used  for  molding 
the  bars,  while  Fig.  6  is  that  of  the  manipulative  chiller  P  emploj'^ed 
in  these  tests.  Each  of  these  chillers  weighs  3  lb.  14  oz.  and  the  bars 
made  from  the  pattern.  Fig.  5,  averaged  3  lb.  and  4  oz.  As  Figs. 
7  and  8  show  devices  for  other  purposes  than  those  displayed  in 
Fig.  4,  comments  on  them  are  deferred. 

FIRST  EXPERIMENTS   FOR   DISCOVERING   VALUE   OF   HARDENING 

MATERIALS 

12  In  starting  to  use  the  twin-chiller  molds  shown  in  Figs.  4,  7, 
and  8,  the  first  manipulation  was  to  draw  back  the  chiller  P  of  one 
mold  a])out  j  in.  from  the  face  of  its  bar  casting  as  soon  as  the  latter 
had  solidified  sufficiently  to  have  a  self-supporting  crust  facing  the 
chiller,  while  the  companion  bar  was  left  in  close  contact  with  its 
chiller  until  of  a  dark  color  (see  Fig.  4). 
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13  In  various  tests  a  j  in.  space  K,  Fig.  4,  was  formed  by  moving 
back  the  chiller,  and  the  effect  tried  of  quickly  packing  different 
materials  into  this  space  upon  the  backward  movement  of  the  chiller. 
The  materials  tried  at  different  times  were  fine  sand,  coke  dust, 
charcoid,  powdered  manganese,  bone  dust,  hardening  powder  and 
poisonous  cyanide.  These  tests  Avere  made  with  a  view  to  determin- 
ing whether  such  filling  of  the  space  would  increase  the  depth  of 
chilling  in  a  bar,  or  cause  it  to  be  any  harder  than  when  the  chiller 
remained  in  close  contact  with  the  bar  until  the  latter  was  nearly 
cold. 


i_. 


Fi(i.  4     Mold  for  Making  Chilled  Twin  Specimens  for  Fracture  Tests 


14  No  noticeable  effects  were  produced  by  the  use  of  these  in- 
tended hardeners.  The  thickness  of  chill  of  the  l)ars  kept  in  close 
contact  with  their  chillers  exceeded  that  of  the  treated  bars  by 
from  i  to  f  in.  This  was  to  be  expected,  as  the  withdrawal  of  the 
chillers  P  to  create  a  packing  space  broke  the  contact  of  the  chillers 
with  their  bars  at  the  crucial  moment,  so  far  as  their  effectiveness 
was  concerned  in  increasing  the  depth  of  the  chill. 

SECOND    EXPERIMENT    FOR    DISCOVERING    VALUE    OF    HARDENING 

MATERIALS 

15  In  this  series  of  tests,  both  chillers  were  pulled  back  at  the 
same  moment  to  create  spaces  adjacent  to  both  bars,  as  at  K,  Fig.  4. 
The  tests  were  to  discover  if  any  greater  depth  of  chill  or  hardening 
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was  procluced  by  packing  one  of  the  spaces  quickly  witli  the  ma- 
terials used  in  the  first  experiments  while  the  other  space  was  left 
open.  The  series  showed  the  chill  to  be  from  j^  in.  to  I  in.  deeper 
in  several  of  the  treated  bars  than  in  the  non-treated  bars. 

16  Tests  for  hardness,  except  for  the  cyanide,  showed  a  gain  of 
6  to  10  per  cent  by  the  scleroscope.  One  cyanide  test  with  com- 
panion all-chilled  bars  averaged  68  for  the  treated  and  70  for  the 
non-treated;  while  with  another  set  of  companion  bars  which  were 
not  chilled  the  non-treated  bar  gave  58  and  the  treated  bar  50  on 
an  average.  This  softening  action  of  the  cyanide  may  have  been 
due  to  the  fact  that  the  bars  were  not  cooled  in  water  after  treat- 
ment, as  is  necessary  when  case-hardening  steel  with  cyanide.     A 


-0-4- 


<  -i^:' 


Fig.  5 


I   I 


Taped  for  %    1 
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Fir,.  5     Fracture  Test  Bar  Pattern;    Fig.  6     Manipulative  Chiller 


peculiar  effect  of  the  cyanide  is  to  produce  a  denser  and  a  finer 
crystallization  of  the  treated  chilled  face  about  |  in.  thick. 

IMMERSION    EXPERIMENTS 

17  For  this  series,  open  sand  molds  of  the  plan  shown  in  Fig.  1 
were  used,  and  by  the  aid  of  an  assistant,  two  of  the  four  bars  were 
removed  as  soon  as  the  crust  solidification  permitted.  One  of  these 
bars  was  immersed  and  moved  around  in  a  pan  of  mud,  which  in 
some  tests  had  salt  mixed  with  it,  while  the  second  bar  was  simul- 
taneously submerged  in  a  pail  of  water.  These  tests  were  dupli- 
cated by  having  the  pan  nearly  filled  with  a  high  fire-test  oil  in  place 
of  the  mud. 

18  Tests  made  by  the  second  use  of  the  open  sand  mold,  Fig.  1, 
showed  that  the  mud  or  oil  cooling  had  little  or  no  effect  in  chilling, 
on  the  average,  while  the  water  cooling  was  radical  in  its  action. 
A',  B',  C,  and  D' ,  Fig.  9,  give  a  fair  illustration  of  these  tests.  A'  is 
the  chiller-cooled  bar;  D'  the  all-sand  one;  C  the  mucl-cooled  bar 
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and  D'  the  one  placed  in  water.    Bars  A'  and  D'  were  both  left  in 
their  molds  to  cool  naturally. 

19  The  bar  D'  displayed  an  inside  chill  as  seen  by  the  white 
appearance  at  D'  and  the  gray  corners  and  surface  indicated  by  M'. 
The  best  sample  of  this  effect,  which  was  closely  duplicated  in 
several  tests,  is  seen  at  E'  in  connection  with  the  chiller-cooled 
companion  bar  F' ,  which  latter  was  cast  against  the  face  of  the 
chiller  E,  Fig.  1,  the  same  as  bar  A'  in  Fig.  9.  The  bar  F'  showed 
that  a  harder  grade  of  iron  was  used  than  for  A'. 

20  The  writer's  experience  in  producing  this  inside  chill  me- 
chanically, demonstrates  it  to  be  a  sensitive  process  partaking  of 
numerous  forms,  yet  all  verifying  its  practical)ility. 

21  It  is  not  improbable  that  castings,  or  sections  of  them,  will 
eventually  ])e  produced  in  a  regular  manner  for  commercial  use, 
having  a  gray  or  mottled  exterior  crust,  while  the  adjoining  or  in- 

TABLE    1    SCLEROSCOPE    TESTS    FOR    HARDNESS  * 


Set  Number  of  Tests 

Set  1 

Set  2 

Set  3 

5C 

48 

8 

65 

58 
7 

61 

Average  of  Datural-coolod  chilled  bars 

Average  of  increase  in  hardness  effected 

53 

8 

*  The  writer  is  under  obligations  to  the  kindness  of  Mr.  Walter  D.  Sayle,  president  of  the 
Cleveland  Punch  &  Shear  Works,  Cleveland  O.,  for  the  scleroscope  tests  given  herein. 

terior  body  of  metal  will  be  of  a  mottled,  chilled  or  white  iron. 
The  writer  can  conceive  of  castings  in  which  this  combination  of 
hardness  might  prove  useful,  l)ut  as  his  ideas  might  l)e  considered 
visionar,y,  he  refrains  from  mentioning  them. 

HARDENING    A    CHILLED    BODY    WHEN    HOT    BY    IMPINGEMENT    OF    AIR 
AGAINST   ITS    SURFACE 

22  Special  attention  was  paid  in  this  series  of  tests  to  the  hard- 
ening effect  of  air  applied  directly  to  the  hot  chilled  face  of  a  bar. 
For  tests  of  this  character  it  is  essential  that  the  depth  of  chill  in 
the  comparative  bars  be  of  the  same  thickness.  This  condition  was 
obtained  by  admitting  the  air  to  the  treated  bar  only  after  it  was 
thought  the  inner  metal  had  all  solidified,  so  that  it  could  not  be 
held  responsible  for  any  variation  of  depth  of  chill  in  the  treated 
bars.  Only  three  specimens  of  this  series  were  tested  by  the  sclero- 
scope, as  given  in  Table  1 ;  but  from  filing  and  grinding  tests  made  as 
a  check  on  the  results  it  is  evident  that  a  chill's  hardness  can  be  very 
materially  increased  by  applying  air,  etc.,  as  herein  described. 
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23  Tests  of  the  gray  sidc^s  of  the  chillod  bars  for  the  second  and 
third  sets  in  Table  1  gave  52  and  42  respe('tiv(4y,  siiowing  them  to 
average  25.4  softer  than  the  chilled  sides  which  had  received  the  air 
treatment. 

EFFECT   OF   AIR   SATURATED    WITH    WATER 

24  This  series  was  conducted  with  a  view  to  learning  whether 
air  saturated  with  water  might  be  more  effective  than  air  alone  in 
creating  a  chill,  or  in  hardening.  There  was  some  difficulty  at  the 
start  in  obtaining  satisfactory  saturation,  but  this  was  finally  se- 
cured by  the  use  of  a  device  which  made  it  possible  to  vary  tlie 
proportion  of  air  or  water  as  desired. 

25  The  series  was  instructive  in  demonstrating  that  so  far  as  the 
chilling  was  concerned  there  was  little  to  be  gained  by  the  saturated 
air,  or  what  was  gained  would  be  secured  by  the  use  of  a  greater 
volume  of  air  alone,  so  that  the  water  could  be  dispensed  with. 
This  is  not,  however,  to  belittle  the  effectiveness  of  saturated  air  as 
a  hardening  medium,  for  among  the  tests  in  which  saturated  air  was 
strongly  applied,  one  gave  70  for  the  treated  bar,  and  52  for  the 
non-treated  bar,  a  gain  of  34.6  per  cent  due  to  hardening. 

SOFTENING    EFFECT   OF   ANNEALING    CHILLED    IRON 

26  Specimens  of  this  series  of  tests  were  cast  in  the  twin-chiller 
mold,  as  arranged  in  Fig.  8,  without  applying  any  air  cooling  to 
either  chillers.  This  gave  the  same  depth  of  chill  in  both  bars. 
Several  sets  were  cast  and  annealed,  but  only  one  set  was  tested  by 
the  scleroscope.  Other  sets  showed  by  filing  and  grinding  that  they 
checked  closely  with  those  tested  by  the  scleroscope.  The  annealing 
was  done  as  follows:  The  bars  were  taken  out  of  their  mold  together 
and  one  left  in  the  open  air,  of  about  70  deg.  fahr.,  while  the  other 
was  laid  on  the  bottom  of  a  hot  crucible  furnace,  the  oil  fire  having 
l)een  shut  off,  and  left  there  about  twelve  hours. 

27  The  chilled  side  of  the  unannealed  bar  tested  at  68  and  the 
gray  side  at  45.  The  chilled  side  of  the  annealed  bar  tested  at  47 
and  the  gray  side  35.  This  gave  a  difference  for  the  chilled  sides  of 
21  and  for  the  gray  sides  of  10. 

RELATIVE    EFFICIENCY    OF   WARM    AND    COLD    CHILLERS 

28  In  order  to  be  assured  of  correctness  in  his  researches,  the 
author  undertook  to  determine  the  efficiency  of  different  metals, 
and  of  different  thicknesses  of  metal,  for  chillers  and  the  relative 
efficiency  of  warm  and  cold  chillers. 
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29  To  determine  the  latter  two  chillers,  both  alike,  were  used, 
one  of  which  was  heated  to  various  temperatures,  from  one  bearable 
to  the  hand  to  one  that  would  burn  the  flesh,  while  the  other  chiller 
was  kept  at  the  temperature  of  the  atmosphere.  The  first  three 
sets  of  these  tests  were  made  on  a  day  when  the  thermometer  regis- 
tered 62  deg.,  and  the  second  set  of  four  tests  when  it  was  55  cleg. 


'^^^' 


Intervention  Cox-e 


(zz^si 


Intervention  Plate 


Pouring-  basin 


f^\-^fM^//''''"'  '"'^^^g^^^^; 


Fig.  7     Inter\ention  Plate  System  for  Air  Cooling  and  Chilling  of 

Molten  Metal 


Pipe  F—  -  ■- 


~-Pipe  W 


Fig.  8     Chiller  Mold  for  Testing  Chilling  Effect  on  Castings  by 
Cooling  Chiller 

The  tests  showed  from  xe  hi.  to  yz  ^^-  greater  depth  of  chill  in  the 
bars  having  the  cold  chiller  than  those  having  the  heated  ones. 
Having  recently  read  the  claim  that  a  warm  chiller  would  chill 
deeper  than  a  cold  one,  it  was  thought  necessary  to  learn  whether 
such  was  a  fact,  as  it  is  unreasonable  to  expect  such  a  result. 

EFFICIENCY   OF   DIFFERENT   THICKNESSES    FOR    CHILLERS 

30     To  determine  the  effect  of  different  thicknesses  for  chillers, 
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tests  were  made  b}^  the  writer  at  the  Cleveland  branch  of  the  Na- 
tional Car  Wheel  Company,  as  well  as  at  the  foundry  of  The  West 
Steel  Casting  Company.  For  this  series  open  sand  molds  were  used, 
as  seen  in  Fig.  11.  The  chillers  as  shown  were  respectively  5  in., 
h  in.,  f  in.,  1  in.,  2  in.  and  3  in.  thick;  and  all  2  in.  wide  by  9  in.  deep. 

31  The  test  specimens  cast  against  these  chillers  in  the  wheel 
foundry  were  1 1  in.  by  2§  in.  and  8  in.  long,  and  at  the  steel  foundry, 
Ijecause  of  having  a  less  chilling  metal,  they  were  of  the  size  shown 
in  Fig.  5.  The  top  row  of  fracture  views,  Nos.  1  to  6,  Fig.  10,  is  a 
fair  representation  of  results  oljtained.  The  thickness  of  chill  in  the 
samples  shown  in  Fig.  10  is  approximately  as  marked.  A  study  of 
these  samples  demonstrates  that  the  efficiency  of  chillers  in  general 
use  is  far  from  being  in  accord  with  their  thickness.  The  3-in. 
chiller,  for  example,  produced  but  ye  in.  more  depth  of  chill  than 
the  1-in.  chiller. 

32  Aside  from  their  value  in  other  ways,  these  tests  suggest  the 
advisability  of  makers  of  chilled  rolls,  car  wheels,  etc.,  trying  steel 
metal  chillers  in  place  of  the  much  heavier  cast-iron  ones.  Steel 
chillers  need  ])e  made  only  of  the  thickness  required  for  efficiency  in 
cooling  and  would  still  be  strong  enough  to  resist  the  contraction  and 
expansion  strains  to  which  chillers  are  subjected.  There  is  a  liability 
of  difficulty  being  encountered  in  using  steel  chillers  on  account  of 
the  steel  warping  through  repeated  heating.  By  using  ribs  or  giving 
a  special  form  to  steel  chillers  this  objection  may  be  greatly  reduced, 
if  not  wholly  overcome. 

EFFICIENCY    OF   DIFFERENT   METALS    FOR   CHILLERS 

33  It  Avas  important,  at  least  to  the  writer,  to  know  whether 
any  difference  existed  in  the  efficiency  of  chillers  of  gray,  white  or 
all-chilled  cast  iron  or  of  steel  or  wrought  iron.  Tests  were  made 
with  these  different  metals  at  both  foundries.  Two  sets  of  chillers 
were  used,  one  2  in.  square  and  the  other  1  in.  by  2  in.,  all  close  to 
9  in.  long.  Aside  from  grinding  one  face  of  these  chillers  to  remove 
the  scale  and  make  them  smooth,  as  with  all  other  chillers  used  in 
the  experiments  of  this  paper,  they  were  chipped  or  ground  at  their 
lower  ends  if  needed,  to  make  them  all  of  the  same  weight.  The 
plan  of  the  open  sand  mold  used  is  shown  in  Fig.  12.  The  test  bar 
patterns  were  of  the  same  size  as  used  for  the  tests  of  Fig.  11,  about 
four  sets  being  cast  from  each  size  of  pattern.  While  slight  differ- 
ences in  the  thicknesses  of  the  chills  resulting  from  chillers  of  the 
different  materials  seemed  to  indicate  that  one  or  another  of  the 
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materials  produced  the  deepest  chill,  there  was  so  little  practical 
difference  in  the  results,  taking  an  average  of  all  the  tests,  that  none 
of  the  chillers  could  be  rated  as  being  decidedly  better  than  the 
others. 

VALUE    OF    COOLING    CHILLERS 

34  The  chief  information  sought  in  this  series  of  tests  was 
whether,  when  a  casting  contracts  away  from  a  chiller,  the  depth  of 
chill  is  increased  by  cooHng  the  chiller,  and  at  what  point  the  cooling 


Fig.  11     Testing  Efficiency  of  Different  Thicknesses  of  Chillers 
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Fig.  12     Testing  Efficiency  of  Different  Metals  for  Chillers 


ceases  to  have  this  effect.  The  chillers  for  these  tests  were  arranged 
so  as  to  have  the  orifices  1  to  8,  Fig.  7,  turned  away  from  the  face  of 
the  mold  as  in  Fig.  8.  This  gave  a  solid  surface  to  the  body  of  the 
chiller  fronting  the  mold,  and  prevented  the  air  used  to  cool  the 
chiller  from  impinging  on  the  hot  face  of  the  bar.  For  the  first  tests, 
intervention  plates  S  were  used  for  fronting  each  chiller,  after  the 
ideas  displayed  in  Fig.  7.  As  soon  as  solidification  of  the  metal  at 
the  face  of  these  plates  would  permit,  they  were  pulled  out  simul- 
taneously to  create  a  space  between  the  bars  and  their  chillers,  as 
seen  by  the  opening  at  K,  Fig.  4.  The  plates  *S  removed,  air  of 
about  50  lb.  pressure  was  admitted  to  one  of  the  pipes,  as  at  W, 
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Fig.  1,  which  passed  down  the  bore  of  its  chiller  to  find  exit  at  X, 
and  at  the  orifices  1  to  8  to  the  exterior  of  the  chiller;  from  whence 
it  passed  upward  and  escaped  to  the  external  atmosphere  from 
around  the  opening  Y  in  the  plan  view  of  Fig.  8. 

35  In  the  use  of  chillers  for  car  wheels,  rolls,  etc.,  the  contrac- 
tion of  the  casting  and  expansion  of  the  chiller  leave  a  space  between 
the  two,  and  these  tests  were  therefore  well  adapted  to  demonstrate 
whether  internally  or  externally  cooled  chillers  used  for  this  class  of 
castings  would  produce  a  deeper  chill  than  those  not  cooled.  Half 
a  dozen  tests  were  made  without  finding  any  practical  difference  in 
the  depth  or  character  of  the  chill  produced  by  the  air-cooled  chiller 
bars  and  that  of  their  companions  which  were  not  cooled. 

36  Follo^ving  these  tests,  fully  six  more  were  made  with  the 
plates  S  omitted  on  both  sides,  so  as  to  have  the  bars  cast  directly 
against  the  face  of  their  chillers,  as  displayed  in  Fig.  8.  Here  both 
bars  remained  in  close  contact  with  their  chillers  until  cooled  to  a 
dark  color.  In  casting  these  bars  air  of  about  50  lb.  pressure  was 
admitted  to  one  side  only,  passing  down  the  pipe  W  and  escaping 
at  the  lower  exits  seen  at  X,  and  thence  passing  upward  to  the 
external  atmosphere  through  the  space  I.  It  was  a  surprise  to  find 
that  this  method  proved  practically  no  more  effective  than  that  just 
described.  These  tests  appear  to  confirm  those  illustrated  in  Fig. 
11  by  demonstrating  that  there  is  a  limit  to  which  the  thickness  of 
a  chiller  affects  its  efficiency,  and  that  its  efficiency  can  not  be  as- 
sisted by  artificial  means.  They  forcibly  illustrate  the  fact  that  if 
little  or  nothing  is  to  be  gained  by  holding  a  casting  in  close  con- 
tact with  a  cooled  chiller  until  it  becomes  of  a  dark  color,  it  would 
be  unreasonable  to  expect  any  benefit  from  a  heat-absorbing  medium 
passing  rapidly  through  the  internal  body  of  a  chiller  or  over  its 
outer  external  surface  when  a  space  existed  between  the  two. 

CHILLING    PRODUCED    BY   SAND-FACED    MOLDS 

37  It  was  desired  to  ascertain  whether  a  chill  could  be  created 
by  air  under  pressure  when  prevented  by  a  sand  coating  from  getting 
directly  at  the  hot  surface  of  a  casting.  To  this  end  the  writer  de- 
vised the  method  illustrated  in  Figs.  7,  13  and  14,  the  two  last  of 
which  were  experimented  with  at  both  foundries. 

38  In  using  the  mold  shown  in  Fig.  7  an  intervention  core  was 
employed,  as  seen  on  the  left  side.  This  core  was  about  \  in.  thick 
and  well  wired  so  that  the  head  pressure  of  the  molten  metal  could 
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not  l)reak  it,  when  the  plates  R  and  S  were  pulled  out  together 
after  pouring  the  molds.  The  first  test  of  this  series  demonstrated 
the  porosity  of  a  sand  mold's  surface.  Although  this  was  a  very 
hard  core,  the  50-lb.  air  pressure  used  carried  the  air  through  it  and 
would  have  blown  all  the  metal  out  of  its  mold  had  not  the  valve 
been  closed.  The  companion  bar  withstood  the  air  pressure  for  the 
reason  that  the  plate  S  had  formed  a  chilled  crust  on  the  face  of  the 
metal  in  the  mold  before  its  removal.  Further  tests  with  these 
cores  under  different  air  pressures  showed  that  the  cores  prevented 


Fig.  13     Pipe  Sand-Coated 
Air-Chilling  Mold 


Fig.  14     All  Sand  Air 
Cooled  Mold 


any  chilling  actio'n,  while  on  the  other  hand  the  air  was  very  effective 
on  the  opposite  side. 

39  The  difficulty  with  this  core  method  lies  in  the  fact  that  air 
under  sufficient  pressure  to  penetrate  the  core  and  carry  off  heat 
in  time  to  create  a  chill  will  pass  clear  through  the  metal  when  the 
latter  is  still  in  a  liquid  or  semi-molten  state.  This  led  to  the  design- 
ing of  the  method  seen  in  Figs.  13  and  14.  By  a  study  of  the  sand- 
coated  pipe  P' ,  it  can  be  seen  that  any  pressure  up  to  200  lb.  and 
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over  can  be  employed  without  causing  the  air  to  impinge  against 
the  molten  metal,  while  at  the  same  time  it  can  be  more  effective 
than  the  core  itself  in  conveying  heat  to  its  outer  surface  and  then 
to  the  atmosphere.  The  sand  coating  used  on  this  pipe  was  but 
I  in.  thick  and  thoroughly  dried.  To  carry  off  the  gases  from  the 
sand  the  iron  pipe  was  closely  perforated  with  j^-in.  holes  as  at  Q' . 

40  Air  under  60  lb.  pressure  entered  at  R'  to  the  chamber  <S'  and 
passed  up  through  the  holes  T'  surrounding  the  pipe  P' .  The  air 
in  the  chamber  U'  was  free  to  absorb  heat  from  the  pipe  P'  and  to 
carry  it  rapidly  to  the  atmosphere.  The  molds  were  poured  without 
any  cope  or  covering,  care  being  taken  to  fill  them  only  within  \  in. 
or  so  from  their  tops.  In  about  10  seconds  after  pouring  the  mold, 
the  air  was  admitted  and  kept  in  action  until  all  the  metal  was 
thought  to  have  solidified.  A  fair  illustration  of  results  is  seen  at 
M',  Fig.  10.  An  all  sand  molded,  non-treated  companion  bar  was 
always  cast  from  the  same  ladle  that  poured  the  treated  bar.  A 
sample  of  this  is  seen  at  A^'  on  the  right  of  M' . 

41  There  is  little  doubt  but  that  the  pipe  P'  acted  as  a  chilling 
agent  without  the  use  of  air,  as  there  was  only  |  in.  thickness  of  sand 
between  it  and  the  face  of  the  casting.  In  fact,  a  test  made  without 
the  air  showed  that  the  pipe  aided  the  chilling,  since  it  gave  a  density 
to  the  crust  of  the  casting.  Again  it  is  to  be  kept  in  mind  that  as  the 
diameter  of  the  casting  was  only  2|  in.,  its  contraction  would  not  be 
sufficient  to  create  a  visible  space  between  its  outer  body  and  the 
face  of  the  mold,  as  is  generally  created  in  casting  chilled  rolls,  car 
wheels,  etc.  Because  a  chill  would  be  created  by  this  method,  as 
seen  at  M' ,  is  no  positive  evidence  that  air  passing  through  the 
inside  of  a  hollow  roll  or  car  wheel  chiller,  etc.,  would  create  a 
deeper  chill. 

42  In  the  all  sand  mold,  Fig.  14,  which  was  also  dried,  the  air 
passed  up  through  holes  T' ,  which  were  \  in.  in  diameter  and  about 
the  same  distance  apart,  all  around  the  circumference,  as  seen  by 
the  plan  view.  The  air  escaped  freely  around  the  top  at  V.  The 
holes  T'  had  but  about  y^  in.  thickness  of  sand  between  their  inner 
exterior  and  the  face  of  the  mold.  Castings  produced  by  this  method 
showed  a  dense  exterior  or  crust  of  from  |  in.  to  f  in.  thick,  and  in 
some  instances  were  slightly  mottled.  Only  in  one  case  was  there 
any  display  of  chill,  and  this  was  of  an  irregular  character  \  in.  to 
\  in.  thick,  created  inside  of  a  gray  crust  about  \  in.  thick.  In 
reality  this  was  an  example  of  inside  chill,  one  of  the  factors  sought 
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in  these  experiments  being  to  learn  if  by  such  methods  it  could  l)e 
produced  at  will  and  if  it  was  controllable. 

43  It  was  intended  also  to  form  holes  as  at  T''  with  very  thin 
pipes  drilled  closely  full  of  Ye-m-  holes,  and  if  a  steady  pressure  of 
100  to  150  lb.  of  air  could  have  been  secured,  further  efforts  to  learn 
the  practicability  of  obtaining  an  inside  chill  with  such,  or  similar, 
methods  would  have  been  tried. 

44  Study  of  the  principle  embodied  in  Figs.  7,  13  and  14  will 
suggest  ideas  and  ways  and  means  by  which  grades  of  soft  iron, 
aside  from  chilling  iron,  can  be  made  more  dense  or  crust-hardened; 
also  by  which  castings  or  sections  of  castings  may  be  cooled  to  pre- 
vent contraction  cracks  and  shrink  holes. 

EFFECT   OF   A   JOINT,    OR   SPACE,    ON    TRANSMISSION    OF    HEAT 

45  It  is  evident  that  in  constructing  chillers  to  be  cooled  by  air, 
etc.,  sufficient  consideration  has  not  been  given  to  the  question  of 

Inside 


b 

a 

Fig.   15 


Outside 
Illustrating  Retardation  of  Flow  of  Heat  Caused  by  Joints 


transmission  of  heat.  An  excellent  article  by  Carl  Hering  on  The 
Flow  of  Heat  through  Furnace  Walls  ^  might  be  read  with  advan- 
tage in  connection  with  this  paper.  Its  author  offers  among  other 
features  the  illustration  seen  in  Fig.  15  with  the  following  comments: 
"Moreover,  the  writer  noticed  recently  in  an  electric  furnace  that  the 
temperature  of  the  brick  at  a  in  the  sketch  was  considerably  cooler 
than  at  b,  the  difference  was  so  great  that  it  was  easily  noticeable 
to  the  touch.  This  was  no  doubt  due  to  the  joint  which  separated 
the  one  from  the  inside  of  the  furnace." 

46  The  principle  illustrated  in  Fig.  15  is  similar  to  that  involved 
where  such  spaces  exist  as  at  K,  Fig.  4,  which  greatly  retard  the 
absorption  by  the  chiller  of  heat  from  the  castings.  It  all  em- 
phasizes the  utility  of  filling  such  a  space  as  K  with  a  heat-absorbing 
medium  that  can  be  moved  swiftly  from  an  inlet  to  an  outlet  to 
carry  off  heat  for  cooling,  hardening  or  chilling  purposes. 

'  Metallurgical  and  Chemical  Engineering,  September  1911. 
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47  It  is  believed  that  a  study  of  the  conditions  will  show  that  a 
rapid  passage  of  air  or  other  heat-absorbing  media  through  a  space 
as  at  K,  Fig.  4,  is  very  efficient  for  the  purpose  of  extracting  and 
convej'ing  heat  quicklj'  both  from  the  interior  and  exterior  body  of 
a  hot  casting. 

TESTS    ON    HEAT    CONDUCTIVITY    OF    SAND,    IRON    AND   AIR 

48  These  tests  were  made  for  the  purpose  of  ascertaining  the 
heat  conductivity  of  molds,  composed  of  a  sand  body,  and  again  of 
iron,  as  in  chillers,  instead  of  having  a  heat-absorbing  medium  im- 
pinge directly  against  the  hot  surface  of  a  casting  with  exits  for  the 
rapid  escape  of  the  medium  to  the  atmosphere. 

49  The  tests  for  sand  conductivity  were  made  by  constructing  a 
dry  sand  core  1^  in.  sq.  by  7|  in.  long,  with  a  |-in.  port  hole  length- 
wise through  the  center.  This  core  had  part  of  the  outer  face  of  one 
end  cut  away  to  provide  an  exit  for  the  air  forced  through  the  in- 
terior of  the  core.  When  placed  in  position  the  core  appeared  prac- 
tically like  the  chiller  seen  on  the  right  of  Fig.  8. 

50  The  tests  for  iron  conductivity  wei"e  made  by  having  a  chiller 
^\^th  solid  face  and  other  conditions  of  its  position  as  seen  on  the 
right  of  Fig.  8. 

51  In  conducting  these  tests  for  the  sand  and  iron,  as  well  as 
mth  air  impinging  against  the  surface  of  the  hot  castings,  only  one 
end  of  the  flask  for  twin  molds  was  used.  The  mold  L  was  formed 
with  the  same  pattern,  Fig.  5,  as  used  for  making  all  other  bars. 
The  molds  were  poured  by  a  direct  flow  of  the  metal  from  the  lip  of 
the  ladle.  The  top  of  the  bars  having  been  covered  with  sand  and  a 
plate  to  confine  their  heat  so  that  the  thermometer  used  would  read 
correctly,  the  air-flow  was  started  down  the  interior  of  the  core  or 
chiller  and  found  an  escape  at  the  opening  X  and  up  the  sides  /  to 
the  top  around  F,  thence  to  the  atmosphere,  as  in  Fig.  8. 

52  To  obtain  the  temperature  of  the  escaping  air,  the  bulb  of  a 
thermometer  capable  of  registering  500  deg.  was  held  directly  above 
and  resting  on  the  surrounding  sides  of  the  open  space  at  Y.  An 
assistant  recorded  the  time  and  the  varying  temperatures  of  the 
escaping  air  at  the  first  15  and  30  seconds  and  afterwards  each  min- 
ute, as  seen  by  lines  5  and  6  of  Table  2.  At  the  end  of  10  minutes 
the  bulb  of  the  thermometer  was  held  at  one  end  of  the  inlet  pipe 
after  it  was  disconnected  in  order  to  obtain  the  record  of  line  4.  At 
the  end  of  2  minutes,  and  after  the  plate  and  sand  had  been  removed 
from  the  top  of  the  bar,  the  bulb  of  the  thermometer  was  placed  so 
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that  its  frame  end  rested  on  the  middle  of  the  top  end  of  the  bar  for 
3  minutes,  that  the  natural  radiation  of  heat  from  the  bar,  seen  in 
the  last  line  of  Table  2,  might  be  recorded. 

53  The  variations  in  pressures  and  temperatures  seen  in  lines 
3  and  4  are  due  to  changes  in  the  speed  of  the  compressors  and  to 
the  amount  of  air  being  taken  from  the  tank  for  other  purposes. 
The  seeming  inconsistency  of  the  temperature  dropping  at  the  start 
to  only  80  deg.  and  94  deg.,  while  that  which  came  from  the  tank 
of  the  compressors  is  134  deg.  and  124  deg.,  as  in  line  4,  is  due  to  the 
temperature  of  the  core  and  (diiller  at  the  start  being  that  of  the 
atmosphere,  as  seen  in  line  2.  For  these  reasons,  the  in-going  air  is 
for  a  few  moments  reduced  in  temperature. 

TABLP:  2     TEMPERATURE  TESTS  MADE  OF  THREE  CASTS,  OCTOBER  23,  1911 


1  Body  cooled  with  air 

2  Temperature  of  atmosphere,  deg.  f ahr 

3  Pressure  of  air  used,  lb 

4  Temperature  of  tank  air,  deg.  f ahr 

5  Temperature  escaping  air  at  15  sec 

6  Temperature  escaping  air  at  30  sec.  deg.  fahr 

7  Temperature  escaping  air  at  60  sec.  deg.  fabr 

8  Temperature  escapmg  air  at  2  min.  deg.  fabr 

9  Temperature  escaping  air  at  3  min.  deg.  fabr 

10  Temperature  escaping  air  at  4  min.  deg.  fahr 

11  Temperature  escaping  air  at  .5  min.  deg.  fahr 

12  Temperature  escaping  air  at  6  min.  deg.  fabr 

13  Temperature  escaping  air  at  7  min.  deg.  fahr 

14  Temperature  escaping  air  at  8  min.  deg.  fahr, 

15  Temperature  escaping  air  at  9  min.  deg.  fabr 

16  Temperature  escaping  air  at  10  min.  deg.  fabr 

17  Heat  radiated  from  the  bars  15  min.  after  they  were 

poured,  deg.  fabr 


Sand  Core 

Chiller 

52 

52 

55 

50 

134 

124 

80 

94 

100 

112 

116 

142 

120 

162 

126 

182 

130 

182 

134 

178 

136 

176 

138 

172 

140 

170 

140 

166 

138 

162 

208 

172 

Face  of  Bar 
52 
50 
130 

200 
290 
310 
290 
270 
264 
252 
236 
222 
200 
192 

70 


54  A  study  of  Table  2  shows  the  sand  to  be  the  least  effective 
as  a  conductor  of  heat  while  the  iron  is  not  very  much  better  when 
compared  to  the  conductive  power  of  air  applied  directly  to  the  sur- 
face of  the  hot  bar,  as  recorded  in  the  last  column,  line  17,  where 
it  is  seen  that  from  the  moment  the  air  impinged  upon  the  surface 
of  the  hot  bars  its  temperature  rose  and  in  less  than  30  seconds  after 
the  mold  was  poured  reached  200  deg. 

FURTHER  EXPERIMENTS  UPON  DIRECT  APPLICATION  OF  HEAT-ABSORB- 
ING MEDIA 

55  The  following  experiments  were  largely  responsible  for 
patents  granted  May  1912  and  pending  on  direct-cooling  and  treat- 
ment processes  by  pressure  or  suction  for  chilling,  hardening  reliev- 
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ing  internal  strains  in  castings,  etc.  These  are  to  be  utilized  wherever 
a  space  can  be  formed  adjacent  to  a  casting,  eitlier  artificially  or  by 
the  natural  expansion  of  the  chiller  and  contraction  of  the  casting, 
also  when  the  hot  surface  of  a  casting  is  freely  exposed  to  the  at- 
mosphere or  not  surrounded  by  its  chiller. 

56  Two  twin  molds  were  used  for  the  experiments,  each  having 
intervention  plat(>s  placed  as  at  S,  Fig.  7.  After  the  two  molds  were 
poured  from  the  same  pouring  basin,  and  a  crust  was  formed  on  the 
face  of  the  bars,  the  two  plates  were  quickly  and  simultaneously  re- 
moved from  the  mold,  forming  spaces  as  at  K,  Fig.  4.  For  the  first 
experiments  air  of  20  lb.  to  30  lb.  pressure  was  admitted  to  one  of  the 
pipes,  W  Fig.  7,  and  convej'ed  directly  to  the  space  created  by  the 
removal  of  the  plates  *S  through  orifices  1  to  8  in  the  bore  of  the  chiller. 
The  fast  darkening  of  the  top  edge  of  the  face  of  the  treated  bar, 
compared  with  that  of  the  companion  bar  which  was  cooling  natur- 
all}',  gave  good  reason  to  expect  considerable  difference  in  the  depth 
of  chill  and  in  the  density  or  hardness  of  the  chilled  face  of  the  two 
bars. 

57  The  intervention  plates  S  were  2  in.  wide  by  |  in.  thick. 
A  slight  coating  of  oil  was  given  the  faces  of  these  plates  next  the 
bars  to  prevent  their  uniting  with  the  metal,  and  to  permit  their 
IxMug  draA\ai  out  of  the  mold  quickly  at  the  right  moment. 

EXPERIMENTS  WITH  COOLED  AIR 

58  Experiments  were  further  made  with  air  cooled  by  passing 
through  a  pipe  coil  surrounded  by  a  mixture  of  two  parts  of  cracked 
ice  and  one  part  of  salt.  The  temperature  was  reduced  thereby  from 
85  deg.  to  45  deg.  but  no  greater  chilling  effect  w^as  discovered  in  the 
six  tests  conducted  on  this  plan  than  in  the  first  series  with  the  air 
as  it  came  from  the  tanks.  This  is  as  would  be  expected,  since  the 
reduction  of  the  temperature  of  the  air  by  40  deg.  is  so  small  in  amount 
compared  with  the  temperature  of  2000  deg.  which  it  may  be  assumed 
the  surface  of  the  molten  bar  would  have.  An  increase  in  the  pres- 
sure or  volume  of  the  air  w^ould  easily  discount  all  that  could  be 
accomplished  b}^  lowering  the  temperature  of  the  air  to  40  deg.  as 
noted. 

SUPERIORITY    OF    AIR    OVER    METAL    CHILLERS 

59  Tests  were  also  conducted  with  air  at  higher  pressures.  At 
50  lb.  pressure  a  chill  was  created  for  a  depth  of  1|  in.  in  the  air- 
cooled  bar,  whereas  the  naturally  cooled  bar  had  a  depth  of  chill 
of  only  I  in.,  as  seen  respectively  at  K'  and  L'  in  the  bars  G'  and 
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H' ,  Fig.  9.  The  graj^  body  of  ])otli  of  these  bars  displayed  a  fine 
texture  bordering  on  a  mottled  state.  This  test  removed  every 
possible  doubt  of  the  efficiency  of  air-cooling  for  chilling.  Half  a 
dozen  or  more  of  these  tests  were  made  before  taking  vip  others,  and 
they  all  verified  the  results  of  the  first  tests. 

60  Later  on  tests  of  the  same  character  were  conducted  by  hav- 
ing titanium  and  vanadium  in  the  metal.  Two  sets  of  these  samples 
are  shown  at  W  and  A''  and  again  at  Y'  and  Z' ,  Fig.  10.  Here  as  in 
G'  and  H' ,  Fig.  9,  the  air  was  by  far  the  most  effective  in  chilling. 
The  air-treated  bars  showed  about  |  in.  depth  of  chill  whereas 
their  companions  had  but  about  ^  in.  chill. 


Fig.  16    Specimen  Bar  Cast  in  Open  Sand  and  Ai^terwards  Freed  of  Sand 
AND  Surrounded  by  Water 


61  In  line  with  these  tests  a  series  was  made  to  determine  whether 
air  chilling  was  more  effective  than  chilling  by  means  of  a  solid 
chiller  held  in  close  contact  with  its  bars.  Samples  of  bars  contrast- 
ing these  two  methods  are  seen  at  I'  and  J',  Fig.  9,  the  air-cooled 
bar  at  J'  having  f  in.  chill,  while  the  other  at  /',  produced  by  the 
close  contact  chiller  bar,  has  y^  in.  chill. 

62  Chilling  of  iron  must  be  done  before  all  the  eutectic  of  the 
metal  assumes  a  solid  form  or  any  graphite  is  formed,  and  with 
like  irons  the  quicker  and  more  penetrating  the  cooling  action,  the 
deeper  and  harder  the  chill.  The  direct  application  of  a  heat-ab- 
sorbing medium  to  the  surface  of  a  hot  casting,  as  soon  as  contact 
with  its  chiller  is  broken,  or  a  crust  is  formed,  provides  means  at 
a  critical  moment  which    can  not  but  be  of  material  benefit  in 
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increasing  the  utility  of  cooling,  densifying,  or  chilling  and  harden- 
ing of  chillal)le  and  other  grades  of  cast  iron.  It  also  i)rovides 
means  for  securing  a  softer,  or  lower  chilling  and  using  a  stronger 
iron  in  car  wheels,  etc.,  obtaining  at  the  same  time  the  desired 
depth  of  chill. 

PRACTICABILITY    OF    CONTINUING    CHILLING   AFTER   THE   METAL 

SOLIDIFIES 

63  It  has  always  been  thought  that  in  chilling  iron,  the  action 
ceased  the  moment  the  molten  metal  solidified.  The  writer's  late 
experiments  show  that  such  is  not  the  case;  but  that  with  chillable 
iron  there  exists  a  pei-iod  of  20  to  30  seconds  or  more  after  the  forma- 
tion of  a  crust  before  any  graphite  is  separated  out.  This  was  demon- 
strated as  follows:  At  A,  Fig.  16,  is  shown  a  casting  poured  in  open 
sand,  while  at  B  it  has  been  freed  of  its  sand,  this  being  done  about 
2|  minutes  after  the  casting  was  poured.    Space  C  was  then  imme- 


Chiller  block   F  \/ 

I  ^ --.'■' 


p"V--,|        Chiller  block  F  \ 


Fig.  17     Mold  for  Casting        Fig.  18     Mold  with  Space 
A  Chilled  Plate  R  for  Molten  Metal 

diately  filled  with  cold  water,  kept  running  until  the  casting  was 
cold. 

64  Upon  breaking  the  specimen  it  was  found,  if  of  a  high  chilling 
iron,  to  be  a  homogeneous  body  of  all  chilled  or  white  iron  with  a  dis- 
colored or  reddish  center.  But  if,  instead  of  surrounding  the  speci- 
men with  water  at  the  expiration  of  2^  minutes,  there  were  allowed  to 
lapse  3  CO  3^  minutes  before  doing  so,  the  crust  exhibited  graphitic 
formation,  while  the  interior  body  was  found  to  exist  in  a  mottled 
or  all-white  state,  showing  the  inside  chill  to  have  been  created. 

TWO    NEW    PRINCIPLES   IN    CHILLING 

65  These  tests  indicate  the  existence  of  two  laws  positive  in  their 
action,  as  follows :  First,  cooling  or  chilling  is  effective  in  creating  or 
continuing  a  chill  in  a  casting  for  a  period  of  20  to  30  seconds  after 
its  molten  metal  has  solidified.  This  permits  a  continuation  of  chill- 
ing with  castings  like  rolls  and  car  wheels  which  break  contact  with 
their  chillers  immediately  after  the  formation  of  their  chilled  crust. 
Second,  graphitization  having  once  taken  place  in  the  crust  or  body 
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of  a  hot  casting,  no  sudden  cooling  can  restore  the  carbon  to  its 
original  combined  form,  and  only  by  remelting  can  it  be  so  trans- 
formed as  to  have  a  chilled  or  white  iron  structure. 

DIFFICULTIES    ENCOUNTERED    IN    CREATING    AN    INTERNAL    CHILL 

66  With  chillable  irons  any  founder  can  produce  a  casting  having 
an  outside  chill  with  a  gray  interior,  but  to  produce  one  having  a 
gray  exterior  and  inside  chill,  or  white  body,  is  another  proposition. 

67  Mention  has  already  been  made  of  the  sensitive  nature  of 
such  a  production.  The  variable  conditions  that  must  be  con- 
sidered and  controlled  to  an  exactness  in  order  to  create  a  perfect 
inside  chill  nre  ;is  follows:  (a)  Temperature  of  the  pouring  metal; 


Chilled  plate - 
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Fifi.   19     Chilled  Plaie  with  Heating  Block  Attached  and  Separated 

Casting 


(/;)  temperature  of  the  sand;  (c)  atmospheric  conditions  and  tem- 
perature; (r/j  nature  of  the  iron;  (e)  size  of  the  specimen;  (/)  tem- 
perature of  the  water;  (g)  whether  the  specimen  remains  stationaiy 
in  its  mold  to  be  cooled  or  is  removed  or  moved  about  m  a  body  of 
water. 

68  When  it  is  stated  that,  for  an  example,  with  the  size  of  speci- 
men seen  in  Fig.  1,  there  arc  onty  some  5  to  10  seconds  during  1 
minute  when  the  perfect  inside  chill  can  be  created,  all  students  of 
this  problem  will  realize  that  at  present  it  is  a  hit-and-miss  process. 
The  writer  has  deemed  it  necessary  to  give  all  the  above  facts,  so 
that  anyone  undertaking  to  produce  an  inside  or  internal  chill  will 
not  be  led  to  affirm  it  an  iinpi-actical  achievement.  It  will  be  well 
to  state  that  the  writc^r  is  of  the;  opinion,  that  when  one  can  obtain 
a  medium  chilling  iron  in  place  of  the  extremes,  such  will  be  bes't  for 
creating  an  internal  chill. 
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INTERNAL    CHILLINC    TESTS    WITH    HIGH    SILICON    AND    SOFT    CASTING 

MIXTURES 

69  Tests  made  by  the  writer,  assisted  by  Mr,  W.  J.  Strangward, 
superintendent,  at  the  Forest  City  Foundry  &  Manufacturing  Com- 
pany, Clevehind,  Ohio,  showed  that  the  high  silicon  in  their  hght 
work  mixtures  caused  graph itization  to  take  place  almost  immedi- 
ately, if  not  at  the  moment,  of  solidification,  as  the  specimens  ex- 
hibited no  white  or  even  mottled  internal  structure  in  any  of  the 
tests. 

70  Other  tests  made  at  the  Madison  Foundry  Company  of 
Cleveland,  upon  supposed  non-chilling  mixtures  with  silicon  around 
2.0  and  sulphur  under  0.08  showed  that  these  percentages  of  sihcon 
and  sulphur  marked  the  division  between  chilling  and  non-chilling 
irons  of  the  usual  good  working  grade  of  foundry  mixtures.  The 
tests  showed  that  if  internal  chilling  could  be  produced  with  mix- 
tures having  from  2.0  to  around  3.0  per  cent  silicon,  there  was  a  pos- 
sibility that  something  was  wrong  with  the  physical  or  the  chemical 
properties  of  the  mixtures. 

71  A  feature  of  these  tests  with  soft  irons  was  that  they  showed 
a  swelling  in  place  of  a  shrinkage  in  their  taps;  also  a  greater  fluidity 
of  metal,  or  length  of  time  before  solidification  took  place.  Although 
these  bars  were  but  about  1^  in.  in  diameter  they  remained  in  a 
liquid  state  about  as  long  as  specimens  2|  in.  in  diameter  cast  of  the 
chillable  car  wheel  metal. 

STANDARDS    FOR    INTERNAL    CHILLING   TESTS    OF   HARD   AND    SOFT 
GRADES    OF    IRON 

72  Founders  and  engmeers  interested  in  castings  for  machining, 
etc.,  might  well  utilize  internal  chilling  tests  as  a  means  of  determin- 
ing whether  there  is  anything  in  the  chemical  or  physical  properties  of 
mixtures  likely  to  cause  chilled  edges,  hard  spots,  etc.,  instead  of 
waiting  for  this  to  be  found  out  in  the  machine  shop. 

73  The  writer  would  suggest  as  a  standard  for  such  tests,  bars 
1|  in.  in  diameter  and  6  to  8  in.  long  for  mixtures  ranging  from  1.25 
to  3.5  per  cent  silicon  and  bars  2.4  in.  in  diameter  of  similar  length 
for  mixtures  having  from  0.5  to  1.25  per  cent  silicon. 

74  In  making  internal  chilling  tests  care  must  be  exercised  not 
to  immerse  a  specimen  in  water  until  a  self-supporting  crust  has 
been  formed,  or  an  explosion  of  liquid  metal  may  occur.  The  use 
of  a  fair  amount  of  intelligence  and  caution  will  guard  against  such 
dangers. 
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INTERNAL    GRAPHITIZATION    OF   A    CHILLED    CRUST 

75  lacing  desirous  of  knowing  whether,  after  the  greatest  depth 
of  a  chill  is  created,  it  is  possible  for  the  intense  heat  of  an  internal 
body  of  semi-molten  or  solid  metal  to  decrease  the  depth  of  a  chill  by 
graphitization,  the  writer  conducted  the  following  experiments:  An 
open  sand  mold  having  a  chiller  block  F  was  used,  as  seen  in  Fig. 
17.  The  open  sand  mold  Avas  formed  by  plate  patterns  f  in.  and  | 
in.  respectively,  both  being  about  5  in.  deep  and  IG  in.  long.  After 
the  plates  were  poured  and  solidified,  a  space  was  dug  out  for  about 
half  their  length,  as  seen  at  H,  Fig.  18.  This  space  was  filled  with 
molten  metal,  left  in  close  contact  with  the  chilled  plates  until 
cooled  to  a  dark  color.  The  molten  metal  was  of  regular  car  wheel 
mixture,  and  the  tests  were  conducted  at  the  National  Car  Wheel 
Company's  plant,  Cleveland,  Ohio. 

76  Tests  were  made  with  the  plates  at  different  temperatures 
from  that  at  which  the  molten  metal  would  fuse  the  face  of  the  plate, 
down  to  temperatures  at  which  the  plates  were  of  a  dark  color. 
Upon  removing  these  plates  and  body  blocks  of  metal  from  the  molds, 
the  chilled  plates  would  be  separated  from  the  blocks  of  metal  and 
broken  at  about  the  points  J  and  K,  Fig.  19,  to  display  any  contrast 
that  might  exist  due  to  the  treatment.  Only  in  one  case  was  the 
plate  inseparable,  and  in  this  instance  the  plate  and  block  were 
broken  by  a  heavy  drop  block. 

77  In  all  of  these  experiments  a  drawing  of  the  chill  in  depth 
was  displayed  by  reason  of  the  hot  molten  metal  causing  a  graphitiza- 
tion of  the  chilled  face  abutting  it.  The  experiments  made  with  the 
hottest  plates  showed  the  greatest  effect,  and  such  as  to  produce 
about  a  25  per  cent  graphitization  of  the  chilled  plates  face  that 
abutted  the  hot  metal.  This  effect  was  exhibited  by  a  fairly  uniform 
decrease  of  the  graphitization  down  to  the  coldest  plates,  which 
showed  but  a  slight  effect  of  the  treatment. 
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By  Thos.  D.  West 
ABSTRACT  OF  PAPER 

The  tests  given  in  this  paper  relate  to  the  relative  strength  of  gray  iron  and 
of  partly  or  wholly  chilled  iron,  showing  the  best  combination  in  chilled  castings. 
Many  tests  are  presented  of  chillable  iron  alloyed  with  vanadium  and  titanium. 

Previous  to  these  tests  experiments  were  made  for  the  purpose  of  establishing 
a  size  of  round  bars  suitable  for  making  tests  of  chillable  irons  where  it  is  neces- 
sary to  have  the  bars  either  of  a  uniform  gray  structure  throughout  or  capable 
of  being  chilled  throughout,  the  metal  in  each  case  being  poured  from  the  same 
ladle. 

The  effect  is  shown  on  the  results  of  tests  of  different  methods  of  locating  the 
bar  in  testing  with  regard  to  the  quality  or  grain  of  the  metal.  Attention  is  called 
to  the  advisability  of  drop  tests  for  cast  iron  and  to  the  complexity  and  sensitive- 
ness of  chillable  iron  mixtures,  requiring  delicacy  in  mixing,  melting,  casting 
and  testing. 


863 


tp:sts  of  chillable  irons 

By  Thos.  D.  West,  Cleveland,  Ohio 
Member  of  the  Society 

The  papor  presents  an  original  series  of  tests  of  cliillal^le  irons, 
made  during  September  1911  to  the  close  of  February  1912. 

2  Before  proceeding  with  the  tests  it  was  desired  to  find  what 
size  of  bar  should  be  used  with  different  grades  of  iron  to  produce  a 
bar  of  all  gray  iron  and  at  the  same  time  a  companion  bar  that 
could  be  wholly  chilled,  or  of  a  white  iron,  both  poured  from  the 
same  basin  or  ladle.  Sets  Nos.  1  and  2  show  that  bars  If  in.  in 
diameter  are  suitable  for  various  grades  of  chillable  metal  having 
its  silicon  ranging  from  0.90  to  1.20.  The  balance  of  the  sets  show 
2j  in.  diameter  bars  to  be  suitable  for  many  grades  having  a  range 
of  0.50  to  0.90  per  cent  silicon.  It  is  to  be  understood  that  in 
either  of  the  above  the  constituents,  other  than  silicon,  are  gener- 
ally the  same  as  used  in  the  making  of  such  castings  as  chilled  car 
wheels  and  rolls.  In  some  cases  the  larger  bars  may  be  used  for 
higher  silicon  metal,  this  depending  chiefly  upon  the  metal  being  high 
in  sulphur  and  no  ferro-manganese  being  used. 

3  While  the  round  bar  is  advocated  for  a  standard,  it  is  to  be 
understood  that  there  are  cases  of  experimental  work  such  as  pre- 
sented in  this  paper,  where  square  bars  may  be  advisable,  ])ut  for 
ordinary  practice  to  obtain  comparisons  in  mixtures,  grades  of  metal, 
etc.,  the  round  bars  are  to  be  preferred. 

4  For  molding  the  square  bars  three  flasks  were  constructed,  each 
being  adapted  to  cast  three  or  four  bars.  These  bars  were  2  in. 
sq.  by  24  in.  long.  For  casting  the  round  bars,  two  chiller  molds 
having  a  bore  of  If  in.,  later  on  bored  out  to  2j^  in.,  were  used  in 
connection  with  two  pipe  sand  molds.  The  designs  for  both  are 
seen  in  Figs.  1  to  6  in  the  paper,  A  Suggested  System  of  Test  Bars 
for  Chillal)le  Irons,  to  be  presented  by  the  writer  before  the  Sixth 
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Congress  of  the  International  Association  for  Testing  Materials  in 
September  1912.  The  three  sets  of  flasks  were  often  necessary,  as  in 
the  case  of  making  bars  to  test  the  relative  effects  of  vanadium  and 
titanium  as  alloys. 

METHODS    FOR    OBTAINING    AND    ALLOYING    METALS    TO    TEST    THEIR 

EFFICIENCY 

5  In  casting  sets  for  these  tests,  the  bars  were  poured  with  the 
regular  metal  from  a  reservoir  ladle  under  the  cupola  spout,  with  a 
capacity  of  about  7  tons,  and  carried  to  the  molds  in  a  "  bull  ladle  " 
which  held  about  250  lb.  Twelve  ounces  of  ferro -manganese  was 
thrown  into  the  ladle,  in  order  to  secure  the  same  composition  as 
used  for  car  wheels  where  2  to  2|  lb.  of  ferro-manganese  is  added 
to  every  700  or  800  lb.  of  metal. 

6  After  the  bars  were  poured  of  this  regular  wheel  metal  the  bull 

/Shrink  Head 
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Fig.  1    Sectional  Views  of-  Mold  for  making  the  Square  Test  Bars 


ladle  was  again  filled  as  often  as  needed  and  vanadium  or  titanium, 
or  both  together,  added  according  to  the  tests  to  be  made,  along 
with  the  12  oz.  of  manganese.  The  ladle  was  allowed  to  stand  for 
three  or  four  minutes  to  permit  the  alloys  to  melt  thoroughly  and 
mix  with  the  metal.  A  |-in.  rod  was  used  to  agitate  the  metal  to 
help  bring  any  oxides  created  by  the  alloys  to  its  surface.  The  two, 
three  or  more  bull  ladles  of  metal  required  for  a  set  were  taken  from 
the  reservoir  ladle  before  any  additional  tap  of  metal  was  run  into  it 
from  the  cupola. 

METHOD  OF  CASTING  AND  CHILLING  THE  ALLOYED  METAL 

7  In  pouring  either  of  the  above  alloyed  metals  with  the  regular 
metal  to  obtain  a  set  of  square  bars,  a  set  of  round  bars  would  be 
poured  with  the  same  ladle. 

8  In  casting  the  square  test  bars,  some  had  a  2  in.  by  2|  in. 
chiller  on  two  sides,  as  illustrated  at  TC  in  the  end  view  of  Fig.  1, 
so  as  thoroughly  to  chill  the  bar  to  make  it  all  white  iron.     Others 
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had  a  wrought  plate  j  or  5  in.  thick  as  desired,  on  one  side  of  the  bar 
only,  as  at  PC,  in  order  only  partly  to  chill  one  side  of  the  bar. 
Bars  to  be  free  of  chill,  were  surrounded  with  sand  as  seen  at  AG. 
In  some  cases  two  totally  chilled  bars  and  one  all  gray  bar  might  be 
cast  in  the  one  flask.  Again,  two  partially  chilled,  one  totally 
chilled,  and  one  all  gray  bar  might  be  cast  in  one  flask.  This  order 
could  be  changed  in  providing  for  three  to  four  bars  being  made  in  a 
flask. 

9     The  character  of  the  chill,  or  grain  of  iron,  is  given  in  the  tables 
under  the  heading  Fracture.     Should  an  all  sand  molded  bar  show 
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Fig.  2     End  and  Side  Views  of  a  Test  Bar  mad^.  in  Mold,  Fig.  1 

Tr  shows  Gray  Side  in  Tension  and  Strong  Position;  E  shows  Horizontal  Plane 

of  Chill  Crystal  in  Tension  and  Weak  Position 
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Y  "'j,  '^r~7  /Vertical  Cast  Side  in  Compreesiou 
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Fig.  3     Second  Test  on  a  2-In.  Sq.  Bar 

0  shows  Chilled  Side  in  Tension  and  Weak  Position;  F  shows  Vertical  Plane  of 

Chilled  Crystal  in  Tension  and  Strong  Position 

a  slightly  mottled  grain  in  its  fracture  instead  of  being  all  gray, 
the  words  slightly  mottled  are  inserted.  Should  the  fracture  be 
strongly  mottled  the  notation  is  the  word  "  deeply  "  in  the  place  of 
"  strongly."  In  cases  where  the  depth  of  a  partly  chilled  bar  was 
measured  the  thickness  of  the  chill  is  given  in  connection  with  the 
statement  that  one  side  was  chilled. 

10  To  indicate  that  one  of  the  vertically  cast  sides,  also  the  cope 
surface,  or  the  nowel  face  of  a  bar  is  in  tension  when  testing  a  bar, 
the  words  nowel,  cope  and  side  are  placed  on  the  line  with  the  re- 
.spective  bar  in  the  column  headed  Tension.  This  will  be  better 
understood  by  referring  to  Figs.  2  and  3  where  the  side  and  end  view 
of  the  bars  are  shown  in  two  ways  of  being  tested.  In  the  case  of 
round,  as  Avell  as  square  bars  that  are  cast  on  end,  as  were  Nos.  84 
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and  88,  it  makes  no  difference  which  way  they  are  placed  on  the 
distance  supports  D,  Figs.  2  and  3,  when  being  tested. 

11  The  width  and  depth  as  well  as  the  diameter  of  all  the  tested 
bars  are  given  in  Tables  3-10  to  permit  a  checking  of  the  modulus  of 
rupture  column;  also  present  data  for  (_)ther  formulae  for  computing 
variations  in  the  size  of  the  l^ars  shown.  It  is  to  be  understood  that 
the  records  of  all  tests  given  an>  of  solid  l)ars  and  complete  fractures; 
as  should  there  have  been  a  sliglit  flow  in  any  of  those  tested  it 
would  have  been  in  the  compression  face  of  the  l)ar  where  it  could 
have  no  effect  in  reducing  its  strength. 

METHODS  USED   FOR  TRANSVERSE  TESTING  AND   PRACTICABILITY 
OF  DROP  TESTS 

12  All  transverse  tests  on  both  round  and  square  bars,  Tables 
5  to  9,  except  tests  59  and  77,  were  made  with  a  12-in.  span,  and 
all  drop  tests  of  Table  10  with  an  8-in.  span;  all  others  were  tested 

TABLE  1     RANGE  OF  CHEMICAL  ANALYSIS  FOR  CHILLED  CAR  WHEELS 


Silicon 

Sulphur 

M.inKanf.se 

Pbosphoru.s 

Combined 
Carbon 

Graphitic 
Carbon 

0.55  to  0.65 

0.100  to  0.150 

0.55  to  0.70 

0.270  to  0.320 

O.CO  to  0.70 

2.70  to  2.90 

for  the  transverse  and  drop  test  on  a  12-in.  span,  as  seen  in  Figs.  2 
and  3.  Tests  59  and  77  were  made  with  a  10-in.  span.  All  drop 
tests  of  Tables  5  to  9  were  made  with  a  12-in.  span  and  all  drop 
tests  for  Table  10  were  made  with  an  8-in.  s])an. 

13  The  drop  tests  were  made  with  a  25-lb.  weight  having  the 
first  drop  at  a  height  of  G  in.  and  raised  G  in.  higher  for  every  blow 
until  breaking  the  bar.  If  for  example,  G  is  the  number  in  the 
drop  column  of  the  tables,  it  means  that  the  weight  dropped  once  at 
each  of  the  respective  heights,  G  in.,  12  in.,  18  in.,  24  in.,  30  in.,  and 
3G  in.,  before  breaking  the  bar.  The  bars  for  the  drop  tests  Tables 
5  to  9  were  obtained  by  taking  the  long  end  of  the  24-in.  long  square 
bars  after  they  had  stood  one  transverse  test.  This  is  why  two  kinds 
of  tests  with  the  same  bar  are  given  under  the  same  test  number. 

14  A  comparison  of  the  drop  tests  with  the  transverse  tests 
shows  that  where  a  bar  is  strong  transversely  it  generally  shows  a 
relatively  high  strength  under  the  drop  test.  This  was  also  true 
in  the  case  of  nearly  all  of  the  round  bars  having  a  G-in.  span,  but 
these  tests  are  not  given  herein. 
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15  For  castings  that  are  subject  to  shock  or  sudchui  impact, 
such  as  car  wheels,  rolls,  shears,  dies,  etc.,  the  drop  test  should 
grow  in  favor.  The  apparatus  costs  little  and  the  time  required  is 
less  than  that  needed  in  any  other  method  of  testing. 

TREATMENT   AND   ANALYSIS   OF   REGULAR   CAR   WHEEL   AND   ALLOYED 

METALS 

10     No  special  complete  analysis  is  given  of  the  respective  sets 

TABLE  2     ANALYSIS  OF  SETS  ALLOY^ED  WITH  VANADIUM  AND  TITANIUM 


Oz.  of  Vanadium 

Oz.  of  Titanium 

Per  Cent  of 

Per  Cent  of 

Per  Cent  of 

Set  No. 

in  225  Lb. 

in  225  Lb. 

Vanadium 

Titanium 

Manganese 

of  Metal 

of  Metal 

in  Te.st  Bars 

in  Test  Bars 

in  Test  Bars 

9 

10 

0.06 

0.63 

11 

10 

0.02 

0.72 

13 

22 

0.12 

0.64 

15 

22 

0.07 

0.60 

18 

5 

10 

0.04 

0.03 

0.69  • 

19 

8 

15 

0.05 

0.05 

0.68 

TABLE  3    TRANSVERSE  TESTS  IM  IN.  SQ.  AND  IH  IN.  ROUND  BARS  AND 
CRYSTALLIZATION 


Test  No. 

Fracture 

Width 

Depth 

Tension 

Maximum 
Load 

Deflection 

Modulus 

Set  No . 

1 

.\11  white 

1.73 

1.72 

Nowel 

5140 

0.016 

18070 

2 

All  white 

1.68 

1.69 

Side 

13160 

0.028 

49380 

3 

Slightly  mottled 

1.75 

1.76 

Side 

15300 

0.060 

50820 

4 

All  white 

1.59 

diameter 

4780 

0.023 

36280 

5 

Slightly  mottled 

1.60 

diameter 

7340 

0.065 

54670 

6 

All  white 

1.69 

1.69 

Nowel 

7580 

0.028 

28260 

2 

7 

All  white 

1.71 

1.71 

Side 

15280 

0.042 

55010 

2 

8 

Strongly  mottled 

1.72 

1.79 

Side 

11940 

0.038 

39000 

2 

9 

All  white 

1.60 

diameter 

5820 

0.032 

43350 

2 

10 

Almost  white 

1.56 

diameter 

5540 

0.040 

44520 

2 

11 

All  white 

1.59 

diameter 

3080 

0.C21 

23370 

3 

12 

Strongly  mottled 

1.58 

diameter 

7760 

0.073 

60030 

3 

other  than  that  in  Table  1.  This  is  owing  to  the  fact  that  car  wheel 
mixtures  or  analyses,  from  one  foundry  at  least,  vary  but  little. 
Table  2  gives  the  vanadium  and  titanium  constituents  of  the  test 
bars.  Analyses  of  metal  taken  directly  from  the  reservoir  ladle 
before  the  ferro-manganese  was  added  showed  this  metal  to  contain 
around  0.40  manganese.    The  drillings  for  regular  car  wheel  metal 
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analyses  are  taken  from  blocks  aljoiit  2  in.  by  2|  in.  by  8  in.  cast  in 
all  sand  so  as  to  leave  a  graj^  body  in  the  metal,  which  will  agree 
closely  with  the  gray  between  the  plate  and  body  back  of  the  chill 
of  a  car  wheel. 

SENSITIVE     CONDITIONS    REQUIRING    CONSIDERATION    AND    CONTROL 
IN   TESTING    CHILLABLE    IRONS 

17  Table  3  shows  that  bars  If  in.  square  and  If  in.  round  are 
too  small  for  regular  car  wheel  metal.  This  is  seen  by  the  all-sand 
bars  3,  5,  8,  10  and  12,  showing  a  fracture  a  little  too  strongly  mottled 
instead  of  a  fair  gray  structure.  These  sizes  of  bars  are  recommended 
only  for  chillable  irons  ranging  from  0.90  to  1.20  per  cent  in  silicon 
for  use  in  general  practice. 

18  The  foregoing  is  a  general  statement  requiring  modifications 
in  some  instances.  A  comparison  of  the  strength  of  bars  4,  5,  11  and 
12  with  9  and  10  shows  the  cases  in  which  strongly  mottled  iron 
of  the  same  metal,  also  iron  tending  to  all  white,  as  No.  10,  will  give 
exceptional  strength.  Many  other  round  bars  If  in.  in  diameter 
were  made,  but  broken  with  the  sledge  to  check  these  fractures. 
The  two  odd  bars  11  and  12  are  shown  chiefl}"  to  demonstrate  the 
distinction  they  displa}'. 

19  When  a  bar  is  of  such  a  size  that  it  is  sensitive  to  assume  a 
mottled  form,  it  is  very  likely  to  go  further  and  become  almost  white, 
and  with  the  same  iron,  temperature  of  metal  and  character  of  mold, 
there  is  as  much  chance  to  obtain  a  strength  of  7760  lb.  as  5540 
lb.,  as  seen  for  bars  10  and  12.  But  this  sensitive  condition  must 
be  avoided  in  order  better  to  make  comparisons  between  an  all-chilled 
bar  and  an  all  sand  cast  one  of  the  same  size,  form,  and  metal.  To  do 
this,  it  is  necessary  to  have  the  sand  cast  bars  sufficiently  large  to 
prevent  their  taking  a  mottled  form,  and  still  not  so  large  as  to 
prevent  their  being  absolutely  chilled,  or  all  white  iron  to  their  ver}- 
center,  when  cast  in  an  all-iron  mold  or  chiller  of  the  same  diameter. 
Much  experimenting  may  often  be  necessary  to  learn  to  know  the 
best  size  to  adopt  for  making  a  comparison  between  the  white  and 
gray  of  special  chillable  irons.  It  will  be  seen  by  the  tables  having 
the  2j-in.  round  bars,  that  even  Avith  this  increase  over  the  If  in.  in 
diameter,  some  of  the  larger  bars  show  a  slightly  mottled  fracture 
with  the  silicon  around  0.60.  This  could  have  been  largely  avoided 
by  baking  or  drjdng  the  sand  molds,  as  those  used  in  the  tests  shown 
were  all  of  green  sand.  To  increase  the  size  of  the  round  l^ar  would 
assist  this  feature,  and  such  could  be  done  to  the  extent  of  having  it 
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2f  in.  and  possibly  3  in.  in  diameter  and  still  produce  a  perfect,  all- 
chilled  bar  for  a  companion  to  an  all  sand  cast  or  gray  one  having 
the  silicon  around  O.GO. 

20  It  is  important  therefore  to  describe  the  structure  of  frac- 
tures when  recording  tests  of  chillable  iron  and  in  making  compari- 
sons with  all-chilled  and  gray  bars  or  otherwise.  It  all  shows  that  in 
some  cases,  it  may  be  necessary  to  experiment  in  order  to  obtain  the 
diameter  best  suited  to  give  a  knowledge  of  the  relative  strength  of 

TABLE  4    TRANSVERSE  TESTS  OF  VARIABLE  DEPTHS  OF  CHILL  WITH 
LOW  CHILLING  IRONS 


Test  No . 

Fracture  and  Per  Cent  of  Chill 

Width 

Depth 

Load 

Deflection 

Modulus 

Set  No . 

13 

Not  chilled;  clear  gray  iron 

1.01 

1,51 

5615 

0.098 

43900 

4 

14 

Chilled  one  side;  10%  white 

1.00 

1.50 

4360 

0.085 

34900 

4 

15 

Chilled  two  sides;  25%  white 

0.96 

1.44 

3270 

0.056 

29600 

4 

16 

Not  chilled;  clear  gray  iron 

0.98 

1.46 

5175 

0.105 

445C0 

5 

17 

Chilled  one  side;  15%  white 

1.03 

1.48 

4220 

0.069 

33700 

5 

18 

Chilled  two  sides.;  20%  white 

1.02 

1.45 

4390 

0.079 

36900 

5 

19 

Not  chilled;  clear  gray  iron 

0.97 

1.47 

5000 

0.103 

43000 

6 

20 

Chilled  one  side;   1%,  white 

1.00 

1.47 

5610 

0.108 

46750 

6 

21 

Chilled  two  sides;  100%  white 

1.01 

1.47 

6400 

0.080 

52800 

6 

22 

Not  chilled;  clear  graj-  iron 

IOC 

1.46 

4350 

0.157 

36700 

7 

23 

Chilled  one  side;  5%  white 

0.99 

1.43 

4550 

0.159 

405GC 

7 

24 

Chilled  one  side;  20%  white 

1.06 

1.50 

4200 

0  137 

31700 

7 

25 

Chilled  two  sides;  50%  white 

1.02 

1.50 

2300 

0.110 

18050 

7 

the  white  and  gray  of  chillable  irons.  This  does  not  prevent  the 
adoption  of  a  standard  to  be  used  the  world  over^  for  tests  for  chill- 
able irons.  All  that  is  necessary  is  to  state  the  structure  of  the 
fracture,  diameter  of  the  bar  used,  per  cent  of  silicon,  and  possibly 
other  constituents,  should  they  vary  much  from  those  given  in 
Table  1. 

ERRATIC    EFFECTS    OF    CHILLED    CRYSTALS   AND    INTERLACING    OF   THE 

GRAY  WITH  THEM 

21  Table  4  presents  a  few  of  the  many  tests  made  with  chillable 
metal,  having  about  the  following  composition:  silicon  2.0,  sulphur 
0.06,  phosphorus  0.04,  manganese  0.30.     The  bars  were  made  in  a 

1  Suggested  by  the  author  in  a  paper,  A  Suggested  System  of  Test  Bars  for 
Chillable  Irons,  prepared  for  the  Sixth  Congress  of  the  Int.  Assoc,  for  Testing 
Materials  for  their  meeting,  to  be  held  Sept.  1912. 
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TABLE  5    BARS  26  TO  30  HAD  12  OZ.  MANGANESE;    31  TO  34,  12  OZ.  MANGANESE 
AND  10  OZ.  VANADIUM  IN  226  LB.  OF  METAL 


Test 
No. 

Fracture  and  Per  Cent 
of  Cliill 

Width 

Depth 

Ten- 
sion 

Load 

Deflec- 
tion 

Modu- 
lus 

Drop 

Set 
No. 

R2& 

Chilled  both  sides.  All  white  iron 

2.04 

2.00 

uowel 

15150 

0.030 

33420 

4 

8 

R27 

Chilled  \<2  in-  one  side 

2.10 

2.05 

nowel 

14330 

0.036 

29230 

6 

8 

ft  28 

All  gra.v  iron 

2.12 

2.08 

nowel 

23860 

0.070 

46820 

9 

8 

R29 

All  gray  iron 

2.31 

diameter 

25750 

0.095 

63710 

S 

«30 

Chilled.     All  white  iron 

2.21 

diameter 

14620 

0.030 

41330 

8 

1-31 

Chilled  two  sides.  All  white  iron 

2.08 

1.97 

nowel 

16100 

0.030 

35900 

4 

9 

V  32 

Chilled  %  in.  one  side 

2.0.5 

1.99 

nowel 

15370 

0.035 

34080 

5 

9 

F33 

All  gray  iron 

2.08 

2.00 

nowel 

22020 

0.070 

47640 

9 

9 

7  34 

All  gray  iron 

2.32 

diameter 

23430 

0.070 

57300 

9 

Set  R  poured  with  regular  iron.     Sot  V  poured  with  vanadium  in  regular  iron.     Set  T  poured 
with  titanium  in  regular  iron. 

TABLE  6    BARS  33  TO  39  HAD  12  OZ.  MANGANESE;   BARS  40  TO  44,  12  OZ.  MANGA- 
NESE AND  10  OZ.  TITANIUM  IN  225  LB.  OF  METAL 


Test 
No. 

Fracture  and  Per  Cent 
of  Chill 

Width 

Depth 

Ten- 
sion 

Load 

Deflec- 
tion 

Modu- 
lus 

Drop 

Set 
No. 

R35 

Chilled  both  sides.    All  white 

2.14 

1.98 

nowel 

22420 

48108 

10 

B36 

Chilled  ri  in.  one  side 

2.03 

2.07 

nowel 

18990 

0.037 

39170 

3 

10 

ft  37 

All  gray  iron 

2.12 

2.04 

nowel 

25740 

0.075 

54700 

11 

10 

ft  38 

All  gray  iron 

2.27 

diameter 

25520 

0.077 

66570 

10 

ft  39 

Chilled.    All  white  iron 

2.  22 

diameter 

13440 

0.024 

37477 

10 

r40 

Chilled  both  sides.   All  white 

2.02 

1.97 

nowel 

16100 

0.031 

36960 

4 

11 

T  41 

Chilled  i^8  in.  one  side 

2.07 

2.00 

nowel 

15130 

0.032 

33280 

5 

11 

T  4:2 

All  gray  iron 

2.C6 

1.99 

nowel 

2187C 

0.074 

48250 

9 

u 

T  43 

All  gray  iron 

2.32 

diameter 

23400 

0.059 

57180 

11 

T  44 

Chilled.    All  white  iron 

2.22 

diameter 

17110 

0.028 

47711 

11 

TABLE  7    BARS  45  TO  49  HAD  12  OZ.  MANGANESE;  BARS  50  TO  54,  12  OZ.  MANGA- 
NESE AND  22  OZ.  VANADIUM  IN  225  LB.  OF  METAL 


Test 
No. 


ft  45 
ft  46 
ft  47 
ft  48 
49 

P'50 

ysi 

V  52 

V  53 
F54 


Fracture  and  Per  Cent 
ot  Chill 


Chilled  both  sides.  All  white 

Chilled  %  in.  one  side 

All  gray  iron 

All  gra.v  iron 

Chilled.      All  white  iron 

Chilled  both  sides.      All  white 
Chilled  Ti  in.  one  side 
Gray,  slightly  mottled 
Gra.v,  slightly  mottled 
Chilled.      All  white  iron 


Width 

1 

90 

2 

10 

2 

OS 

2 

29 

2 

22 

2 

00 

2 

10 

2 

05 

2 

27 

2 

20 

Depth 

Ten- 
sion 

Load 

Deflec- 
tion 

iModu- 

lus 

Drop 

2.02 

nowel 

16460 

0.030 

38220 

5 

2.00 

nowel 

14380 

0.035 

30810 

7 

2.01 

nowel 

23790 

0.090 

.50900 

11 

diameter 

23910 

0.078 

00730 

diameter 

15610 

0.022 

43520 

1.98 

nowel 

16030 

0.035 

36800 

4 

2.02 

nowel 

14090 

0 .  030 

29600 

3 

2.00 

nowel 

24800 

0.0G5 

54440 

7 

diameter 

25580 

0 .  000 

60710 

diameter 

17890 

0.025 

51250 

Set 

No. 
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TABLE  8    BARS  55  TO  59  HAD  12  OZ.  MANGANESE;   BARS  CO  TO  64,  12  OZ.  MANGA- 
NESE AND  22  OZ.  TITANIUM  IN  225  LB.  OF  METAL,  WHILE  BARS  65  TO  68 
WERE  FREE  FROM  MANGANESE  AND  OTHER  ALLOYS 


Test 

Fracture  and  Per  Cent 

Width 

Depth 

Ten- 

Load 

Deflec- 

Modu- 

Drop 

Set 

No. 

of  Chill 

sion 

tion 

lus 

Wo. 

R55 

Chilled  both  sides.   All  white 

2.00 

2.00 

nowel 

1.5980 

0 .  030 

35900 

4 

14 

RhQ 

Chilled  %  in.  one  side.  Balance 

mottled 

2.00 

2.07 

nowel 

18140 

0.038 

38100 

4 

14 

ft  57 

Gray  iron.    Corners  chilled 

2.02 

2.00 

nowel 

22720 

0.070 

50010 

7 

14 

ft  58 

Gray  iron,  slightly  mottled 

2.25 

diameter 

26000 

0.075 

09640 

14 

59 

Chilled.     All  white 

2.24 

diameter 

13830 

0.017 

33966 

14 

TOO 

Chilled  both  sides.     All  white 

2.00 

1.9S 

nowel 

13200 

0.025 

30300 

4 

15 

rei 

Chilled  J4  in.  one  side.   Balance 

mottled 

2.04 

2.03 

nowel 

16840 

0.035 

36060 

4 

!.■) 

3'62 

Gray,  corners  slightly  chilled 

2.05 

2.00 

nowel 

22080 

0.075 

48470 

10 

15 

res 

Gray  iron 

2.26 

diameter 

25810 

0.08 

68230 

15 

TGi 

Chilled.    All  white  iron 

2.22 

16070 

0.05 

44810 

15 

S  65 

Chilled  both  sides.    All  white 

2.04 

2.04 

nowel 

11400 

0.020 

24170 

3 

16 

S  66 

Chilled  ^  in.  one  side.    Deeply 

mottled 

2.00 

2.04 

nowel 

10860 

0.030 

22800 

3 

16 

S  67 

Gray,  corners  mottled 

2.04 

2.00 

nowel 

17870 

0.050 

39420 

5 

16 

S  68 

Gray  iron,  mottled 

2.25 

diameter 

24180 

0.065 

64204 

10 

Set  S  poured  with  spurious  metal  containing  no  ferro-manganese. 

TABLE  9    BARS  69  TO  72  HAD  12  OZ.  MANGANESE;  BARS  73  TO  77,  10  OZ.  TITANIUM 

AND  5  OZ.  VANADIUM;   BARS  78  TO  82,  12  OZ.  MANGANESE,  15  OZ.  TITANIUM 

AND  8  OZ.  VANADIUM  IN  225  LB.   OF  METAL 


Test 

Fracture  and  Per  Cent 

Width 

Depth 

Ten- 

Load 

Deflec- 

Modu- 

Drop 

Set 

No. 

of  Chill 

.sion 

tion 

lus 

No. 

ft  69 

Chilled  both  sides.    All  white 

1.98 

2.02 

nowel 

18480 

0.035 

41170 

.5 

17 

ft  70 

Chilled  M  in.  one  side.  Balance 

mottled 

2.04 

2.50 

nowel 

10760 

0.055 

23060 

0 

17 

ft  71 

All  gray  iron 

2.05 

2.05 

nowel 

24390 

0.085 

51020 

11 

17 

ft  72 

All  gray  iron 

2.27 

diameter 

24030 

0.005 

62660 

17 

7'y73 

Chilled  both  sides.    All  white 

2.02 

2.00 

nowel 

12330 

0.025 

27470 

IS 

TV7i 

Chilled  J^  in.  one  .side.   Balance 

mottled 

2.05 

2.07 

nowel 

18340 

0.040 

37580 

6 

18 

TV75 

All  gray  iron 

2.10 

2.04 

nowel 

24980 

0.0G5 

51390 

11 

18 

TV76 

All  gray  iron 

2.29 

diameter 

22070 

0.060 

56060 

18 

TV77 

Chilled.    All  white  iron 

2.21 

diameter 

16370 

0.029 

38560 

18 

TV78 

Chilled  both  sides.    All  white 

1.90 

2.03 

nowel 

16250 

0.030 

36210 

4 

19 

TV79 

Chilled  }4  iu.  one  side.  Balance 

mottled 

2.00 

2.04 

nowel 

14580 

0.040 

31530 

5 

19 

TVSO 

All  gray  iron 

2.04 

2.00 

nowel 

22240 

0.065 

49060 

S 

19 

TV81 

All  gray  iron 

2.29 

diameter 

23470 

0.060 

59620 

19 

TV82 

Chilled.    All  white  iron 

2.20 

diameter 

18700 

0.030 

53570 

19 
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converter  steel  foundry  and  tested  by  .John  H.  Nelson;  all  others 
were  tested  by  H.  E.  Smith.  In  testing  this  set,  the  load  was  applied 
in  the  deep  direction  of  the  bars  which  were  all  cast  on  end.  Tests 
13  to  25  illustrate  the  erratic  qualities  of  partly  chilled  bodies,  ac- 
counted for  by  the  interlacing  of  the  white  with  the  gray  and  the 
depth  of  mottled  iron  back  of  the  chilled  body. 

22  In  partly  chilled  sections,  the  temperature  of  the  chiller  to 
chill  the  iron,  and  of  the  metal  to  pour  the  mold,  and  the  degree 
of  dampness  in  the  sand,  have  an  effect  both  on  the  depth  of  chill, 
and  on  the  structure  of  the  metal  for  a  considerable  distance  beyond 
the  place  where  the  white  ceases.  These  are  all  factors  difficult 
to  control  in  regular  practice,  but  the  more  that  is  known  con- 
cerning them,  the  l^etter  will  be  the  design,  make  and  use  of  the 
castings.  The  variable  hardness  of  mottled  and  gray  bodies,  inter- 
lacing with  the  white  iron  of  chilled  bodies,  are  displayed  by  the 
hardness  tests,  Table  12. 

TRANSVERSE  AND   DROP  TESTS   OF  GRAY  AND   CHILLED   BARS  ALLOYED 
WITH  VANADIUM  AND  TITANIUM 

23  Tables  5  to  9  present  an  original  series  of  tests  comprising  the 
following  features : 

a  Comparison  of  strength,  deflection,  chill  and  contraction, 

in  all-chilled,  partly-chilled,  and  gray  l^ars  of  the  same 

metal. 
b  Comparison  of  square  and  round  bars  to  emphasize  the 

utility  of  the  latter  for  a  standard, 
c  Comparisons  of  transverse  and  drop  tests  to  show  their 

conformity,  and  practicability  of  the  latter. 
d  Comparisons  of  hardness  created  by  the  rate  in  cooling, 

giving  chilled,  mottled  and  gray  fractures  in  the  same 

metal.  ' 

e  Effects   of   ferro-manganese,   vanadium,    and   titanium   in 

the  same  metal  and  size  of  section,  when  of  a  chilled, 

mottled  and  gray  structure. 

24  Results  of  the  above  comparisons  in  connection  with  those 
to  be  derived  from  a  study  of  the  tables  are  given  throughout  the 
paper. 

NOTABLE  DIFFERENCE   IN  THE  STRENGTH  OF  THE   CHILLED  AND   GRAY 
SIDES  OF  A  PARTLY  CHILLED  CASTING 

25  It  will  be  seen  from  tests  in  Table  10  that  when  the  chilled 
face  is  in  extension,  as  with  Tests  92,  94  and  96,  the  casting  is  much 
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weaker  than  when  th(>  g,V'A\  or  mottled  body  is  in  extension,  as 
with  Tests  91,  93  and  95  of  Set  22.  This  is  a  quahty  having  hereto- 
fore received  very  Httle,  if  any,  thought.  When  fully  considered 
it  will  be  seen  to  be  of  great  importance  in  the  making  and  use  of 
different  lines  of  castings.  The  reliability  of  this  set  of  tests  will 
l)e  realized  when  it  is  understood  that  the  respective  companion 
tests  having  the  chilled  side  in  compression  and  tension  were  made 

TABLE   10     TRANSVERSE  AND   DROP    TESTS  OF  ONE  SIDE  CHILLED 
BARS  ALTERNATED  TO  BE  IN  COMPRESSION  AND   TENSION 


Test 
No. 

Fracture  and  Per  Cent 
of  Chill 

Width 

Depth 

Load 

Deflec- 
tion 

Modu- 
lus 

Drop 

Set 
No. 

83 

Gray  iron,  slightly  mottled 

2.09 

2.06 

21070 

0.045 

42760 

7 

20 

84 

Chilled  four  sides.    All  white 

2.12 

2.18 

23380 

0.040 

41770 

15 

20 

85 

Chilled  ^  in.  one  side.  Balance  mottled. 

Gray  side  in  tension 

2.06 

2.05 

21590 

0.030 

43435 

9 

20 

86 

Chilled  %  in.  one  side.   Balance  mottled. 

Chilled  side  in  tension 

2.07 

2.03 

20430 

0.035 

43111 

" 

20 

87 

Gray  iron,  slightly  mottled 

2.11 

2.07 

19420 

0.045 

38004 

8 

21 

88 

Chilled  four  sides.     All  white 

2.06 

2;20 

22450 

0.020 

40532 

15 

21 

89 

Chilled  %  in.  one  side.  Balance  mottled. 

Gray  sidt  in  tension 

2.10 

2.04 

19880 

0.0.50 

40947 

8 

21 

90 

Chilled  %  in.  one  side.  Balance  mottled. 

Chilled  side  in  tension. 

2.06 

2.06 

13660 

0.030 

28132 

6 

21 

91 

Chilled   J4  in.  one  side;  %  in.  mottled. 

Gray  side  in  tension 

2.11 

2.15 

23760 

0.070 

4.3861 

14 

22 

92 

Chilled  }.4  in.  one  side;  5-i  in.  mottled. 

Chilled  side  in  tension 

2.13 

2.06 

17260 

0.035 

34373 

22 

93 

Chilled  14  in-  one  side;  J-4  in.  mottled. 

Gray  side  in  tension. 

2.12 

2.10 

21760 

0.055 

41914 

7 

22 

94 

Chilled  }4  in.  one  side;  ^  in.  mottled. 

Chilled  side  in  tension. 

2.13 

2.06 

13190 

0.025 

26378 

22 

95 

Chilled  H  in.  one  side;   1  in.  mottled. 

Gray  side  in  tension. 

2.11 

2.03 

20350 

0.055 

42127 

5 

22 

90 

Chilled  H  in-  one  side;   1  in.  motflc<l. 

Chilled  side  in  tension. 

2.13 

2.13 

15720 

0.030 

29281 

22 

with  the  same  bar,  by  the  method  shown  in  Figs.  2  and  3.  After 
making  two  transverse  tests  of  the  same  bar,  there  was  sufficient 
remaining  for  a  drop  test  having  an  8-in.  span.  A  few  of  these 
are  Tests  83  to  96.  Bars  83  to  90  were  cast  on  end,  while  bars  91 
to  96  were  cast  fiat,  as  show^n  in  Fig.  1,  and  chilled  on  one  side 
only  to  give  two  of  this  form  for  one  set.  In  Fig.  6  is  seen  a  full  set 
of  the  square  bars  cast  on  end,  in  which  M  is  the  all  chilled  bar,  A^ 
the  chilled  side,  and  0  the  gray  side  of  the  partly  chilled  bars, 
while  P  is  the  all  sand  cast  bar.    The  position  of   the   chilled   face 
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ill  the  testing  is  shown  at  W  I'ur  both  the  cast  on  end  and  east  fiat 
bars  when  upward,  and  at  0  when  downward,  seen  on  tlie  left  of 
Figs.  2  and  3. 

26  Another  feature  is  the  great  difference  between  the  strength 
of  chilled  iron  when  the  lines  of  crystallization  stand  vertical  to  the 
load,  and  when  they  are  turned  horizontal  to  it.  In  Table  3,  Tests  1, 
2,  6  and  7  show  a  difference  of  about  61  per  cent  for  the  first  two  bars, 
and  about  51  per  cent  for  the  second  two.  The  lines  of  crystalliza- 
tion are  seen  in  Figs.  2  and  3,  where  E  is  the  weakest  and  F  the 
strongest  position  of  the  two-sided  bar.    These  qualities  were  original- 
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ly  discovered  by  Asa  W.  Whitney,  and  are  presented  here  to  give 
data  in  keeping  with  the  oi'iginal  tests  of  this  paper. 


CRITICISM    ON    AND    CHILLING    EFFECTS    OF    VANADIUM    AND  TITANIUM 

27  William  H.  Hatfield  in  a  paper  On  The  Influence  of  Vanadium 
upon  Cast  Iron  ^  at  the  March  1911  meeting  of  the  Iron  and  Steel 
Institute,  stated,  "There  is  considerable  disagreement  as  to  the 
influence  of  vanadium."  Expressions  of  this  character  had  much 
weight  in  the  taking  of  extra  precautions  when  testing  these  alloys, 
in  the  belief  that  the  results  might  settle  some  of  the  disputed  points. 

28  Information  of  the  chilling  qualities  of  the  alloys  is  given  in 
Pars.  29  to  31  and  in  the  various  sets  of  Tables  5  to  9,  as  Tests 
27  and  32.  It  required  but  a  few  tests  to  show  that  the  difference 
in  the  pouring  temperature^  of  the  metals,  due  to  the  cooling  effect 
produced  in  melting  the  alloys,  was  such  as  to  make  the  depth  of 
chill  shown  in  Tables  5  to  9  an  uncertain  factor  for  these  tests.  This 
is  more  fully  realized  when  the  fact  is  considered  that  "hot"  metal 
will  chill  deeper  than  "dull"  metal. 

29  To  obtain  more  favorable  conditions  for  rapid  pouring  and 
less  travel  of  metal  than  was  offered  by  the  mold.  Fig.  1,  cujiola  chill 
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blocks  were  made  after  the  plain  and  end  views  in  Fig.  4.  The  pair 
of  chilled  blocks  R  were  poured  with  the  regular  car  wheel  metal, 
cooled  down  to  nearly  the  same  temperature  as  that  for  pouring  the 
chill  block  molds  V  and  T  having  the  vanadium  and  titanium  alloys 
in  their  respective  ladles.  This  method  emphatically  demonstrated 
that  the  vanadium  increased  the  depth  of  chill,  or  held  the  carbon 
more  in  its  combined  form,  while  the  titanium  operated  in  the  opposite 
dir(»ction.     Numerous  tests  were  made  following  this  plan,  some  of 


1 

J 

j*TsjBA»t3i 

Fig.  5    Set  of  All  Chilled,  Partly  Chilled  and  All  Sand  Square  Bars 

Cast  Flat 


Fir,.  G    Set  of  All  Chilled,  Partly  Chilled  and  All  Sand  Square  Bar  s 

Cast  on  End 


wliich  had  a  |-in.  chiller  face  plate  in  place  of  the  2|-in.  plate  Q,  and 
all  of  them  were  effective  in  the  same  direction  as  to  their  respective 
results. 

30  One  test  with  the  three  sets  of  molds.  Fig.  4,  gave  a  difference 
in  the  thickness  of  chill  as  seen  at  X,  Y  and  Z,  Fig.  7.  The  Set  R 
was  poured  with  the  regular  iron;  the  Set  V  with  the  vanadium  and 
the  Set  T  with  the  titanium  alloyed  metal,  there  being  1  lb.  of  each 
alloy  in  about  175  lb.  of  metal. 

31  Further  experiments  having  2  lb.  of  titanium  in  the  175  lb. 
of  metal  gave  a  thickness  of  chill  seen  at  V  and  W,  Fig.  7,  of  1  in. 
and  \  in.  respective!}^  as  marked  in  the  cuts.     In  the  belief  that  by 
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increasing  the  amount  of  titanium  the  chill  might  be  wholly  pre- 
vented, 4  lb.  was  put  into  the  metal  for  two  tests.  This  did  not  act 
as  effectively  as  the  2  lb.  and  showed  that  iron  could  not  be  prevented 
from  chilling  beyond  a  certain  limit  by  its  use. 

EFFECTS   OF   VANADIUM,    TITANIUM   AND    OTHER   FACTORS   ON 
CONTRACTION 

32  Tests  to  obtain  contraction  were  made  with  both  round  and 
square  bars  and  are  given  in  Talkie  11.  The  2j-in.  round  bars  show 
the  contraction  for  a  length  of  12  in.  and  the  square  bars  for  22  in. 
The  ratios  for  contraction  of  the  bars  cast  on  end  agree  closely  with 
those  of  the  bars  cast  flat.    The  regular  irons  are  fairly  uniform  in 

TABLE  11    CONTRACTION  OF  ROUND  BARS  CAST  ON  END  AND  SQUARE  CAST  FLAT 


Set  No. 

Round  Bars, 

Round  Bars, 

Square  Bars, 

Square  Bars, 

Square  Bars, 

All  Chilled 

All  Gray 

All  Chilled 

Part  Chilled 

All  Gray 

R   12 

0.22 

0.12 

0.47 

0.28 

0.26 

F   13 

0.23 

0   13 

0.4S 

0.30 

0.27 

R  14 

0.22 

0.12 

0.47 

0.28 

0.26 

T  15 

0.21 

Oil 

0  43 

0 .  29 

0.25 

.S'  16 

0.50 

0.30 

0.32 

R  17 

0.48 

0.31 

0.28 

TV  18 

0  22 

0.12 

0.47 

0.29 

0.26 

TV  19 

0  23 

0.12 

0.48 

0.30 

0.27 

their  contraction.  The  vanadium  bars  show  a  greater  contraction 
than  those  containing  titanium,  the  latter  having  the  least  of  any 
of  the  metals.  The  spurious  metal  of  Set  16  having  no  ferro-man- 
ganese  in  it,  shows  the  greatest  contraction.  The  most  radical 
difference  exists  between  the  all-chilled  and  all  gray  bars. 

EFFECTS  OF  VANADIUM  AND  TITANIUM  ON  STRENGTH 

33  In  making  deductions  of  the  relative  strength  for  the  alloy 
mixtures,  etc.,  the  round  bars  were  selected  chiefly  on  account  of  their 
uniform  structure  and  greater  uniformity  of  results.  Fig.  8  is  a  good 
illustration  of  the  uniformity  of  the  metal  as  it  comes  in  round  bars 
rather  than  in  square  ones.  The  gray  round  bar  A'  shows  a  much 
better  uniformity  of  grain  structure  than  exists  in  the  square  bars 
L  and  P,  Figs.  5  and  6.  These  last  present  irregular  patches  of 
grains  embodying  every  structure  from  white  at  the  corners  D',  inter- 
laced with  mottled,  leading  to  a  gray  center,  sensitive  to  change  with 
the  least  variation  in  the  dampness  or  character  of  the  sand,  hard- 
ness in  ramming  and  temperature  of  pouring  metal.    This  irregularity 
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of  structure  is  likewise  apparent  in  tlie  all  white  square  bars  H  and 
M,  Figs.  5  and  0,  when  compared  to  that  seen  at  B' ,  Fig.  8. 

34  The  titanium  bars  show  an  increase  of  strength  over  the 
regular  bars  of  27  per  cent  in  the  white  iron  with  bars  39  and  44, 
Table  6,  and  32  per  cent  in  the  white  iron  with  bars  59  and  64, 
Table  8. 

35  The  vanadium  shows  an  increase  of  strength  of  9  per  cent  in 
the  gray  iron,  with  bars  48  and  53,  and  17  per  cent  in  the  white  with 
bars  49  and  54,  both  of  Table  7. 

36  The  spurious  bars  which  have  no  ferro-manganese  or  other 
alloys  in  them,  show  a  decrease  of  strength  of  7  per  cent  in  the  gray 


Fig.  7     Specimens  affected  by  Cooling  and  Varying  Percentages  of 
Vanadium  and  Titanium 

iron,  with  bars  63  and  68  of  Table  8.  No  comparison  of  the  white 
iron  in  the  round  bars  can  be  given,  since  there  are  no  chilled  round 
bars  for  this  last  set;  but  the  contrast  is  so  great  in  the  square  chilled 
bars  55  and  65,  which  show  the  white  of  the  spurious  metal,  that  it 
is  safe  to  consider  them  30  per  cent  weaker  than  the  regular  iron. 

37  Some  tests  having  shown  vanadium  and  titanium  beneficial 
in  increasing  the  strength,  it  seems  reasonable  to  suppose  that  all 
the  other  sets  having  them  alloyed  in  the  regular  metal  should  show 
a  similar  tendency.  It  may  be  that  in  car- wheel  metal  there  is  a 
definite  absorption  of  the  alloys  necessary  to  increase  materially  the 
strength  of  the  gray  and  white.  By  the  use  of  large  round  test  bars 
for  making  the  relative  comparison  in  these  irons,  further  experi- 
menting with  this  grade  of  metal  along  practical  lines  should  estab- 
lish beyond  any  doubt  the  question  of  such  a  limit. 

COMPARISON   OF   PARTLY   CHILLED   WITH   WHOLLY   CHILLED    AND    GRAY 

BODIES 

38  In  conducting  this  series  of  tests,  bars  were  cast  having  only 
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one  side  (diilled  as  companion  bars  to  the  all-chilled  and  gray  bars, 
as  seen  by  the  second  test,  Tables  5  to  9.  It  will  be  a  surprise  to 
many  to  find  that  in  all  the  tests,  excepting  the  two  of  Set  14,  the 
partly  chilled  bars  arc  weaker  than  the  all-chilled  or  white  bars.  A 
good  view  of  these  three  coniiDanion  bars  is  shown  in  Fig.  5,  K  being 
the  partly  chilled  side. 

39  The  weakness  of  the  partly  chilled  bars  is  due  to  internal 
strains  and  scattered  amalgamation  of  the  state  of  the  broken  car- 
bon of  the  metals.  Bars  showing  nearl}^  every  effect  of  rapid  and 
slow  cooling,  and  in  no  wise  possessing  the  homogeneous  l)lending 
of  one  character  of  grains,  seen  by  the  wholly  white  and  gray,  is 
well  illustrated  by  H,  L,  Fig.  5. 

40  All  the  partly  chilled  bars  showed  the  chilled  body  interlac- 


FiG.  8    Specimens  of  All  Chilled  and  All  Sand  Round  Bars  Cast  on  End 


ing  the  mottled,  and  the  latter  blending  into  the  gray,  Figs.  5,  6 
and  7.  This  is  generall}'  considered  to  be  a  stronger  section  than 
those  where  a  distinct  line  marks  the  separation  of  the  white  and 
gray,  and  causes  conditions  such  as  can  still  further  increase  the 
weakness  of  partly  chilled  castings.  Designers  should  duly  consider 
this  factor,  so  as  either  to  have  a  strong  backing  of  the  mottled  and 
the  gray,  or  to  have  the  chilled  side  of  the  casting  arranged  in  com- 
pression if  practical,  when  strains  or  concussions  of  its  work  is 
brought  to  bear  upon  it,  a  feature  in  keeping  with  the  tests  on 
treatment  of  Table  10. 

COMPARISON   OF   STRENGTH   IN   ALL   WHITE   AND   ALL   GRAY   IRONS 

41  A  feature  of  this  paper  worthy  of  consitleration  is  the  strength 
and  deflection  obtainable  in  strictly  all-chilled  or  white  iron.  It  is 
generally  supposed  that  white  iron  is  very  much  weaker  than  gray, 
and  has  very  little  if  any  deflection.    By  referring  to  Tests  7,  21,  30, 
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35,  44,  49,  54,  69,  82,  84  and  88,  it  will  be  seen  that  white  iron  can  be 
obtained  at  least  75  per  cent  as  strong  as  gray.  White  iron  is  the 
strongest  with  the  crystals  radiating  from  a  center  as  at  iVf  and  B,' 
Figs.  6  and  8.  The  round  bar  excels  the  square  in  this  form  of 
structure. 

SPALLING  WEAKNESS  OF  CHILLED  OR  WHITE   IRON 

42  The  chief  evil  of  white  iron  lies  in  its  strength  being  erratic, 
and  easily  spalled.  It  is  believed  that  founders  could  greatlj^  in- 
crease and  control  the  strength  of  various  grades  of  white  irons  and 
make  them  much  more  reliable.^ 

43  Numerous  experiments  were  conducted  to  test  the  spalling 
weakness  of  white  and  gray  iron  and  it  was  found  that  white  bodies 
do  not  possess  much  over  one-third  the  strength  to  resist  spalling 
blows  that  exists  in  the  gray  or  mottled  of  the  same  iron.  It  shows 
the  importance  of  designing  that  portion  of  the  casting  subject  to 
such  blows  to  contain  as  far  as  practical  gray  or  mottled  iron. 

HARDNESS   TESTS   OF  ALL   CHILLED,    PARTLY   CHILLED   AND   SAND-CAST 

TEST   BARS 

44  Table  12  gives  Brinell  and  Scleroscope  tests  of  three  samples 
taken  from  each  of  the  first  three  bars  of  Sets  12  to  19,  a  view^  of 
w^hich  is  seen  in  Fig.  5.  The  Brinell  depressions  w^ere  produced  by  a 
f-in.  ball  loaded  with  6000  lb.  and  the  readings  are  the  weight  in 
kg.  sustained  by  1  mm.  of  area  of  the  depression  produced  by  the 
total  load.  This  is  the  standard  method  of  testing  Brinell  hardness. 
Both  the  Brinell  and  Scleroscope  records  are  the  averages  of  4  to  6 
tests  on  a  sample. 

45  The  columns  H,  7,  J,  K  and  L  give  the  tests  of  the  surfaces 
indicated  by  the  same  letters  shown  in  Fig.  5.  Those  who  conduct 
these  kinds  of  tests  know  that  there  is  some  variation  of  hardness 
over  an  area  although  it  may  not  exceed  1  sq.  in.  The  surfaces 
H  had  a  variation  of  3  to  7  points  and  /,  8  to  15  points,  J  about  6 
points,  w^hile  L  had  but  3  points,  showing  that  a  greater  uniformity 
in  hardness  can  be  exj^ected  in  all  graj'  bodies  than  in  mottled  or 
chilled  surfaces. 

46  The  table  also  shows  that  directly  chilled  faces,  as  H,  are 
harder  than  those  crystallizing  over  a  sand  surface  caused  bj^  the 
heat-absorbing  effect  of  a  chiller,  some  distance  from  such  points,  as  7. 
The  excessive  variation  of  the  surface  7  is  believed  to  be  caused  by 
the  curved  structure  of  the  heat  radiation  lines,  as  they  come  to 

^  See  foot-note,  p.  871. 
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the  surface  at  an  angle,  differing  from  the  straight  hnes  shown  on 
the  sides  at  H. 

47  The  spurious  iron  is  on  an  average  harder  than  the  regular 
iron.  The  alloys  appear  to  have  a  hardening  effect  as  compared 
with  the  regular  iron,  or  that  having  only  ferro-manganese  in  it. 
The  irregularity  in  the  effect  of  the  alloy  is  no  doubt  due  to  the  varia- 
tions in  the  temperature  of  the  metal  filling  the  molds,  and  brings 
about  variations  in  hardness  similar  to  creating  an  irregularity  in 
the  chill,  strength,  deflection  and  contraction  of  like  irons. 

CREDIT  FOR  PROFESSIONAL  COOPERATION 

48  Nearly  all  the  bars  tested  for  records  in  this  paper  were  cast 
at  the  Cleveland  plant  of  the  National  Car  Wheel  Company,  and 

TABLE  12    BRINELL   AND  SCLEROSCOPE  HARDNESS  TESTS  OF  SPECIMENS,  FIG.  4 


H 

I 

J 

K 

L 

Set  No. 

Class 

Bri. 

Scl. 

Bri. 

Scl. 

Bri. 

Scl. 

Bri. 

Scl. 

Bri. 

Scl. 

12 

R 

391 

05 

348 

59 

179 

39 

320 

55 

185 

39 

13 

V 

377 

03 

358 

60 

227 

41 

403 

60 

199 

41 

14 

R 

417 

06 

403 

58 

185 

38 

380 

01 

175 

38 

15 

r 

419 

08 

427 

56 

211 

41 

412 

58 

180 

40 

10 

s 

452 

09 

412 

59 

224 

40 

443 

00 

191 

42 

17 

R 

358 

62 

390 

56 

189 

39 

317 

47 

173 

37 

18 

TV 

382 

64 

375 

61 

193 

40 

400 

54 

183 

40 

19 

TV 

442 

66 

422 

54 

189 

41 

417 

57 

179 

38 

tested  by  Mr.  H.  E.  Smith,  engineer  of  tests,  assisted  by  Mr.  G. 
E.  Doke,  both  of  the  Lake  Shore  &  Michigan  Southern  Railroad, 
Collinwood,  Ohio.  Assistance  was  rendered  in  making  the  bars  by 
Messrs.  H.  E.  McClumpha,  general  manager;  J.  D.  Cunningham, 
plant  manager;  and  Charles  K.  Logue,  foreman  of  the  wheel  foundry. 
Some  of  the  tests  shown  herein  were  made  by  Prof.  John  H.  Nelson 
of  the  Case  School  of  Applied  Science.  The  hardness  tests  were 
made  by  Mr.  Robt.  R.  Abbott,  metallurgical  engineer  of  the  Peer- 
less Motor  Car  Company;  the  analyses  by  Messrs.  Crowell  and 
Murray,  chemists,  both  firms  of  Cleveland.  The  vanadium  was 
furnished  by  Mr.  George  L.  Norris,  engineer  of  tests  of  the  Vanadium 
Sales  Company  of  America,  and  the  titanium  by  Mr.  Charles  V. 
Slocum,  general  sales  agent  of  the  Titanium  Alloy  Manufacturing 
Company,  both  of  Pittsburgh,  Pa.  All  the  test  bars  were  made  by 
the  writer  and  tested  under  his  supervision,  who  hereby  desires  to 
tender  sincere  thanks  to  all  the  above  firms  and  gentlemen  for  having 
so  kindly  and  ably  assisted  him  in  these  researches. 
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By  C.  M.  Garland 

ABSTRACT  OF  PAPER 

The  paper  describes  the  apparatus  and  general  arrangement  of  bituminous 
coal  producers  as  designed  for  power.  The  scrubbing  apparatus  is  described  in 
detail,  data  given  on  its  efficiency,  and  the  amount  of  soHd  matter  deUvered 
in  the  gas.  Data  on  the  efficiency  of  the  plant,  composition  of  the  gas,  and 
operating  costs,  together  with  brief  discussions  on  these  items  are  also  included. 
Figures  for  the  first  cost  and  operating  costs  at  full  load  for  a  1200-b.h.p.  plant 
are  given  in  such  a  way  as  to  make  them  applicable  to  different  conditions  of 
fuel  and  load. 
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BITUMINOUS  COAL    PRODUCERS   FOR  POWER 

By  C.  M.  Garland,  Camden,  N.  J. 
Member  of  the  Society 

In  the  development  of  the  power  producer  for  the  gasification  of 
fuels  containing  above  12  per  cent  volatile  matter,  the  manufac- 
turers at  an  early  date  divided  themselves  on  the  question  of  the 
method  of  handling  this  troublesome  constituent  and  proceeded 
with  their  developments  along  two  diverging  lines. 

2  In  one  they  sought  to  convert  the  condensible  combustible 
constituent  of  the  volatile  matter  into  fixed  combustible  gases  by 
drawing  this  product  through  either  the  whole  or  part  of  the  in- 
candescent fuel  remaining  after  volatilization;  in  the  other  to  sepa- 
rate the  condensible  portion  from  the  permanent  gases  after  these 
had  left  the  generating  chamber.  The  former  group  accordingly 
turned  their  energies  to  the  development  of  down-draft  and  double- 
zone  arrangements,  while  the  latter  bent  their  efforts  toward  the 
production  of  efficient  up-draft  generators  and  tar-handling  ap- 
paratus. 

3  It  has  been  the  fortune  of  the  writer  to  observe  the  operation 
of  a  number  of  plants  of  the  latter  type  and  to  analyze  the  results 
of  the  operation  of  others.  It  is  the  object  of  this  paper  to  present 
some  of  the  data  accumulated,  which  are  necessarily  more  or  less 
fragmentary  in  character. 

DESCRIPTION    OF   APPARATUS 

4  The  plants  are  all  of  two  general  types,  suction  and  pressure, 
while  the  apparatus  is  essentially  similar  in  each,  varying  principally 
in"  size  and  general  arrangement.  Fig.  1  shows  a  vertical  section 
through  the  producer,  scrubber  and  the  water-sealed  gas  main, 
which  is  characteristic  of  the  arrangement  of  all  later  plants  up  to 
about    1000  h.p.   capacity.     The  pressure  plant   differs   from  the 
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suction  plant  by  the  addition  of  a  fan  type  blower,  frequently  in- 
stalled in  duj^licate,  antl  a  regulating  holder.  This  latter  in  the 
earlier  plants  served  as  a  large  storage  reservoir  with  capacity  suffi- 
cient to  keep  the  engines  operating  from  3  to  10  minutes  in  cases 
of  emergency.  It  was  also  thought  that  this  large  capacity  tended 
to  insure  greater  uniformity  in  the  composition  of  the  gas  supplied 
to  the  engines,  so  that  the  holders  were  placed  in  series  with  the 
engine  and  scrubbers.  In  more  recent  plants  the  size  of  the  holder 
has  been  greatly  reduced  and  in  most  cases  floats  on  the  line  so  that 
the  gases  do  not  pass  through  this  piece  of  apparatus. 

5  This  change  has  been  brought  about  partly  by  the  fact  that 
a  large  storage  capacity  is  not  required  and  in  many  places  is  un- 
desirable. Also  the  mixing  effect  of  the  gases  in  the  holder  has 
proved  a  fallacy. 

6  From  Fig.  1  it  will  be  noted  that  the  producer  A  is  of  the  water- 
sealed  type,  w^ith  central  blast  B  and  superimposed  vaporizer  C. 
The  gases  pass  direct  from  the  producer  to  the  scrubber  D,  which  is 
provided  with  a  vertical  baffle  E  from  the  scrubber  to  the  water- 
sealed  main  F,  and  from  this  to  the  tar  extractor  G.  This  latter 
piece  of  apparatus  is  of  the  centrifugal  type  and  is  illustrated  in 
Figs.  2  and  2a.  The  extractor  has  been  in  use  a  number  of  years 
and  was  brought  out  by  Mr.  F.  V.  Matton  of  the  Camden  Iron 
Works. 

7  Referring  to  Fig.  2,  the  gas  enters  at  A  and  meets  a  stream 
of  water  at  B.  The  mixture  flows  upon  the  rotating  vanes  C  and 
is  discharged  into  the  stationary  vanes  D.  The  water  and  a  por- 
tion of  the  tar  is  thrown  out  against  the  casing  E  and  follows  this 
around  to  the  drain  F  which  discharges  into  the  seal  pit  G.  The  gas 
leaving  the  stationary  vanes  D  re-enters  the  rotating  vanes  H  on 
the  opposite  side  of  the  disk  /.  The  gas  here  meets  a  stream  of 
water  from  the  nozzle  J  moving  in  the  direction  opposite  to  the  gas 
which  removes  the  remaining  tar.     The  gas  leaves  at  K. 

8  The  extractors  are  usually  designed  to  deliver  the  gas  under 
a  low  pressure  and  are  built  in  more  than  one  stage  for  the  larger 
powers. 

9  A  portion  of  the  steam  generated  in  the  superimposed  vapor- 
izer C  in  Fig.  1  is  used  to  saturate  the  blast.  The  amount  supplied 
is  indicated  by  the  temperature  shown  on  the  thermometer  H, 
which  extends  into  the  blast  pipe  /.  The  steam  pressure  on  the 
vaporizer  is  maintained  constant  by  the  back  pressure  valve  /, 
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while  the  air  pressure  on  the  main  K  is  also  constant.  The  valve 
L  is  th(M-(»fore  used  to  vary  the  amount  of  steam  delivered  to  the 
blast.  Th(^  butterfly  valve  M  connects  with  the  holder  and  regu- 
lates the  amount  of  blast  delivered  to  the  producer.  Changes  in 
the  position  of  this  valve  ilo  not  affect  the  relative  proportions  of 
air  and  steam.  In  more  recent  plants  a  thermostat  located  in  the 
blast  pipe  operates  a  throttle  valve  in  the  steam  line  from  the  vapor- 
izer in  order  to  maintain  a  constant  temperature  of  the  blast. 

10  The  fuel  is  fed  to  the  producer  by  the  hand-operated  centrif- 
ugal charging  device  TV,  which  insures  a  very  even  distribution  of 
fuel.  This  consists  of  the  hopper  provided  with  the  ribbed  charging 
bell  0,  which  is  rigidly  mounted  on  the  shaft  P  and  held  against  its 
seat  by  the  counterweight  Q.  When  the  fuel  is  charged  the  bell  is 
lowered  by  the  arm  R  and  at  the  same  time  rotated  by  the  arm  S. 
Both  arms  are  hand  operated.  After  the  fuel  is  charged,  the  counter- 
w^eight  Q  causes  the  bell  0  to  seat.  A  sliding  cover  closes  the  top  of 
the  hopper  which  prevents  the  escape  of  gas  while  dropping  a  charge 
of  fuel. 

11  With  this  brief  general  description  it  will  not  be  necessary  to 
describe  a  number  of  individual  plants.  In  order,  however,  to  indi- 
cate the  extent  and  variety  of  the  work.  Table  1,  giving  the  equip- 
ment, service,  load  conditions,  etc.,  has  been  prepared  from  a 
number  of  representative  plants  operating  on  different  fuels, 

THERMAL   EFFICIENCY    OF   THE    PRODUCER 

12  The  efficiency  depends  to  a  certain  extent  upon  the  amount 
of  volatile  matter  contained  in  the  fuel.  For  fuels  containing  as 
high  as  30  to  50  per  cent  of  volatile  matter,  the  thermal  efficiency 
l)ased  on  the  higher  heating  value  of  the  gas  is  about  66  per  cent, 
while  the  efficiency  based  on  the  effective  heating  value  of  the  gas. 
is  ordinarily  5  per  cent  lower  than  this,  or  62.7  per  cent.  Where  the 
volatile  matter  does  not  exceed  20  per  cent  the  efficiency  is  some- 
what higher,  and  70  per  cent  based  on  the  higher  heating  value  of 
the  gas  is  an  average  figure.  The  lower  value  is  approximately  66.5 
per  cent. 

13  In  plants  of  the  present  type,  however,  thermal  efficiency  is 
not  necessarily  of  paramount  importance,  for  more  often  it  is  a  ques- 
tion of  the  adaptability  of  the  producer  to  a  given  fuel  or  to  several 
fuels  and  of  continuity  and  reliability  of  operation. 
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COMPOSITION    OF   THE    GAS 

14  The  composition  of  the  gas  and  the  heating  value  are  com- 
paratively uniform  where  proper  attention  is  given  to  the  operation 
of  the  producers.  Table  2  shows  the  gas  analyses  taken  on  a  seven- 
day  test,  which  was  made  on  the  olant  marked  C  in  Table  1.  The 
calorific  values  by  the  calorimeter,  taken  every  two  hours,  are 
plotted  in  Fig.  3.  The  average  higher  heating  value  of  the  gas  was 
144.1  b.t.u.  per  cu.  ft.  at  62  deg.  fahr.  and  30  in.  mercury  pressure. 
The  average  lower  heating  value  was  approximately  136  b.t.u.  under 


9        11         Hour 


Fig.  3    Heating  Value  (Higher)  of  Gas  for  144  Hours  Continuous  Run, 

Plant  C 

the  same  conditions  of  pressure  and  temperature.  For  fuels  con- 
taining greater  percentages  of  volatile  matter  there  is  a  tendency 
toward  an  increase  in  the  calorific  value  of  the  gas  due  to  the  increase 
in  hydrocarbons.  With  the  lignites,  for  example,  the  higher  heating 
value  of  the  gas  may  average  as  much  as  155  b.t.u.  per  cu.  ft. 


VOLUME    OF    GAS    GENERATED 


15  The  volume  of  gas  generated  per  pound  of  coal  depends  upon 
the  composition  of  the  coal  and  the  condition  of  the  fuel  bed.  In 
the  seven-day  test  (Table  2),  the  volume  of  the  standard  gas  gen- 
erated per  pound  of  run  of  mine  Pocahontas  coal  was  approximately 
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71.5  cu.  ft.     For  lignite  the  volume  of  standard  gas  varies  between 
36  and  40  cu.  ft.  per  lb. 

TABLE  2     GAS  ANALYSIOS,   SEVEN-DAY   TEST,  PLANT  C 


Day 

C02 

02 

CO 

H2 

CH4 

Day 

COo 

O2 

CO 

H2 

CH4 

.5.6 

0.2 

24.1 

7.65 

4.5 

5.0 

0.4 

23.6 

10.80 

2.3 

1st.*.- 

4.0 

0.2 

27.6 

9.83 

3.3 

4.0 

0.2 

25.4 

10.52 

3.3 

6.8 

0.4 

22.6 

10.36 

2.0 

4tli..- 

4.6 

0.2 

24.2 

9.60 

3.3 

5.8 

0.2 

23.6 

13.8 

2.4 

4.2 

0.4 

25.1 

11.7 

2.6 

4.7 

0.0 

25.8 

12.0 

2.6 

8.2 

0.3 

17.5 

11.3 

3.4 

I 

6.0 

0.3 

20.8 

10.53 

2.1 

5.2 

L2 

21.8 

14.00 

2.5 

4.5 

0.2 

25.9 

13.40 

2.2 

5th .... 

3.5 

0.2 

25.5 

9.50 

2.6 

4.8 

0.2 

25.5 

11.60 

2.4 

2<1.,.^ 

4.6 

0.4 

26.3 

10.60 

2.4 

6tli..| 

4.2 

0.2 

24.7 

9.15 

3.5 

7.9 

0.7 

18.7 

12.43 

3.0 

5.0 

0.3 

24.7 

9.40 

3.8 

5.4 

0.3 

24.5 

8.50 

2.2 

7.2 

0.2 

19.6 

10.53 

3.6 

r 

5.0 

0.2 

24.2 

9.15 

3.4 

7.3 

0.1 

20.1 

10.30 

2.9 

4.9 

0.3 

24.8 

11.03 

2.0 

7th..- 

4.4 

0.3 

25.7 

12.00 

2.6 

7.8 

0.4 

IS.S 

10.9 

3.8 

4.9 

0.3 

25.0 

12.0 

2.0 

5.2 

0.4 

24.0 

11.4 

2.6 

5.3 

0.4 

25.3 

10.8 

2.0 

3a.  ..- 

5.5 
5.5 

0.2 

0.2 

22.5 

22.5 

8.93 
8.93 

3.4 
3.4 

l 

4.5 

0.3 

25.6 

9.8 

2.2 

5.2 

0,4 

23.6 

9.50 

2.9 

f 

4.0 

0.2 

26. 

9.25 

2.40 

8th*.  j 

5.5 
5.0 

0.3 
0.3 

24.3 
24.3 

11.45 
11.53 

2.0 
2.0 

*  One-half  day  only. 
TABLE  3      TESTS  ON  CLEANLINESS  OF  GAS  DELIVERED  BY  TAR  EXTRACTORS 


No.  of 

Plant 

D 

e  termina- 
tions 

A 

1 

B 

2 

C 

11 

D 

1 

E 

2 

F 

2 

Fuel 

Per  Cent 
Volatile 

Grains  Solid 
Matter, 
Cu.  Ft. 

Illinois  Coal 

31.0 

0.0150 

Te.xas  bitiiniinon.s 

47.0 

0.0062 

Pocahonta.s 

17.7 

0.0163 

Pocahont.a.s 

21.7 

0.0585 

Texas  lignite 

51.2 

0.0050 

Pocahontas 

22.8 

0.0227 

Efficiency 
Extractor, 
Per  Cent 


96.0 

99.5 

98.5 

93.5* 

99.5 


*  Tar  extractors  operated  at  1000  r.p.m.,  instead  of  1500  r.p.m.  rated  .speed.  Dry  scrubber 
used  beyond  tar  extractors  in  this  plant;  .solid  matter  in  gas  leaving  dry  scrubber  0.0421  grains 
per  cu.  ft. 

CLEANLINESS    OF   THE    GAS 

16     A  large  number  of  tests  liav(^  been  made  on  the  eleanliness  of 
the  gas  delivered  by  the  tar  extractors  in  the  above  plants.     The 
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results  of  these  determinations  are  given  in  Table  3.  From  these 
it  will  be  seen  that  the  amount  of  solid  matter  in  the  gas  has  been 
reduced  to  a  very  small  quantity  and  averages  0.0206  grains  per  cu. 
ft.  of  standard  gas.  The  effici(>ncy  of  the  tar  extractor  is  given  also 
in  several  cases.  This  was  taken  as  the  ratio  of  the  weight  of  solid 
matter  in  the  gas  leaving  the  extractor,  to  the  weight  of  solid  matter 
in  the  gas  entering  the  extractor,  multiplied  by  100. 

17  The  determinations  were  made  by  drawing  samples  of  the  gas 
through  three  thicknesses  of  filter  paper  on  which  the  solid  matter 
was  deposited.  In  most  cases  simultaneous  samples  were  taken  from 
the  entering  and  exit  sides  of  the  extractor.  These  samples  were 
measured  by  calibrated  meters. 

18  It  will  be  seen  from  the  results  of  Table  3,  that  the  average 
weight  of  solid  matter  per  cubic  foot  of  standard  gas  is  not  sufficient 
to  cause  trouble  in  engines  of  ordinarily  good  design.  Experience 
seems  to  indicate  that  with  0.03  grains  of  solid  matter  per  cu.  ft.  in 
the  gas,  the  engine  valves  require  cleaning  once  in  two  or  three  weeks. 
There  is  no  trouble  from  this  source  in  plants  that  are  properly 
operated  and  the  cleaning  of  the  valves  would  not  be  considered  a 
hardship. 

19  In  making  the  above  determinations,  no  attempt  was  made 
to  separate  the  tar  from  the  dust,  as  this  was  not  deemed  of  suffi- 
cient importance. 

HANDLING    OF   THE    TAR 

20  In  the  earlier  plants  considerable  difficulty  was  experienced 
by  the  tar  accumulating  in  the  scrubbers  and  pipe  lines,  which 
caused  frequent  shutdowns.  In  almost  every  case  this  trouble  was 
due  to  lack  of  experience  on  the  part  of  the  builders  in  designing 
these  parts,  and  to  the  operators  who  failed  to  take  proper  precau- 
tions and  profit  by  their  first  troubles. 

21  At  the  present  time  and  for  the  more  modern  plants  it  can  be 
safely  said  that  trouble  from  this  cause  has  almost  entirely  ceased. 
The  water-sealed  gas  main  has  solved  the  piping  difficulty,  while 
refinement  in  the  design  of  the  other  parts  and  close  attention  to 
detail  has  accomplished  the  same  effect  for  these. 

22  In  so  far  as  the  yield  of  tar  is  concerned,  there  are  but  three 
objections  that  can  be  urged  against  this: 

a  Loss  in  efficiency  of  the  plant  due  to  the  removal  of  a  com- 
bustible constituent  from  the  fuel. 


894  BITUMINOUS    COAL    PRODUCERS    FOR   POWER 

b  The  expenditure  of  power  in  the  driving  of  the  tar  ex- 
tractor for  the  removal  of  this  constituent. 
c  Difficulties  in  the  disposal  of  the  constituent. 

23  Taking  it  for  granted  that  the  tar  in  every  instance  can  be 
disposed  of  satisfactorily,  as  it  can  be,  the  answer  to  these  objections 
is  that  it  is  entirely  a  question  of  economj^  and  if  it  does  not  pay  to 
handle  this  element  then  bituminous  coal  is  either  not  the  fuel  to 
use,  or  a  producer  plant  is  not  the  kind  suitable  to  the  conditions. 

24  The  magnitude  of  the  above  items  is  fairly  well  known.  The 
loss  in  thermal  efficiency  (a)  varies  from  12  per  cent  for  fuels  contain- 
ing from  15  to  20  per  cent  volatile  matter  to  17  per  cent  for  fuels 
containing  above  or  near  30  per  cent  of  volatile  matter. 

25  The  amount  of  power  (6)  required  to  drive  the  tar  extractor 
depends  upon  the  nature  of  the  tar  produced.  With  lignites,  for 
example,  which  produce  a  thin  yellowish  tar  resembling  very  nearly 
a  heavy  oil,  the  power  required  is  at  least  25  per  cent  less  than  the 
amount  required  for  bituminous  coals. 

26  For  bituminous  coals  this  power  varies  from  5  per  cent  of  the 
power  of  the  plant  in  a  plant  of  100  b.h.p.  to  about  3.5  per  cent  for 
a  plant  of  1000  b.h.p.,  and  it  is  beheved  that  this  figure  will  be 
reduced  almost  one-half  in  the  near  future. 

27  As  to  the  difficulties  in  the  disposal  of  the  tar  (c),  there  is  in 
some  instances  a  ready  market  for  the  tar  product  so  that  this  may 
be  disposed  of  to  advantage.  In  other  cases  where  boilers  are  in 
service,  it  can  be  burned  without  difficulty  under  these  boilers. 

28  The  usual  method  of  handling  the  tar  is  to  place  the  extractor 
over  a  pit  containing  water  into  which  the  mixture  of  tar  and  water 
from  the  extractor  is  discharged.  The  pit  is  arranged  so  that  the 
tar  may  be  skimmed  from  this  into  a  barrel  or  receiver.  Where  a 
receiver  is  used  it  is  provided  with  an  air  tight  cover,  and  when  the 
receiver  is  filled  the  cover  is  put  in  place  and  either  steam  or  air 
under  pressure  placed  above  the  tar,  which  forces  it  through  piping 
to  the  point  of  disposal.  Where  the  tar  is  thick  and  heavy,  it  is 
necessary  to  provide  the  receiver  with  a  steam  coil  to  keep  the  tar 
in  a  fluid  condition. 

THE    FUEL    REQUIRED 

29  It  can  almost  be  safely  said  that  any  fuel  can  be  used  in  any 
well  designed  producer  of  the  up-draft  type.  If  the  fuel  can  not  be 
used  the  probabilities  are  that  the  fault  is  either  in  the  operation  or 
in  the  design  of  the  producer.    The  reason  for  this  is  that  there  are 
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but  three  fundamental  requirements  for  the  successful  gasification 
of  a  fuel.  These  are,  uniform  distribution  of  the  blast,  uniform  dis- 
tribution of  the  green  fuel  and  uniform  removal  of  ash.  These  three 
are  essentially  one  as  they  are  so  closely  related  and  interdependent 
that  they  reduce  to  uniform  distribution  of  the  blast. 

30  When  these  requirements  have  been  met  in  the  design  of  the 
producer,  the  writer  has  never  found  a  fuel  that  could  not  be  gasified, 
at  much  higher  rates  and  with  much  less  labor  than  is  considered 
possible  by  the  majority  of  engineers. 

31  An  example  in  which  the  difficulty  lies  in  the  operation  of  the 
producer  is  illustrated  in  the  case  of  the  Texas  bituminous  coal, 
Plant  B,  Table  1.  This  was  a  highly  caking  coal  and  the  operators 
of  the  producer  stated  that  it  was  impossible  to  use  this  fuel  in  the 
producer.  After  observing  the  operation  for  a  few  hours  it  was 
found  that  the  difficulty  was  due  to  the  caking  properties.  When 
full  hoppers  of  fuel  were  dropped  upon  the  hot  bed  the  fuel  fused 
into  a  solid  mass  through  which  the  blast  could  not  penetrate.  By 
charging  a  half  hopper  of  fuel  every  15  minutes  in  place  of  a  full 
hopper  every  30  minutes,  there  was  no  further  difficulty. 

32  The  analyses  of  Table  1  indicate  the  variety  of  fuels  that  are 
being  used  successfully,  and  to  these  can  be  added  Hocking  Valley, 
Pittsburgh  run  of  mine,  Youghiogheny,  etc. 

RELIABILITY 

33  Referring  to  Table  1,  from  the  last  reports  obtained  about  one 
year  ago.  Plant  D  had  been  in  successful  operation  for  over  five 
years  without  a  shutdown  and  without  having  the  fire  drawn  from 
the  producers. 

34  The  last  reports  from  Plant  A  indicated  highly  satisfactory 
results  and  no  shutdowns,  the  engine  pulling  full  load  and  a  large 
portion  of  the  time  as  much  as  15  per  cent  overload.  Fig.  3  shows 
the  heating  value  of  the  gas  taken  every  second  hour  for  144  hours 
continuous  running,  while  Table  2  shows  the  analyses  of  the  gases 
taken  over  the  same  period,  from  Plant  C,  Table  1.  Two  8-ft.  pro- 
ducers were  in  operation  for  the  full  period.  The  engines  pulled  an 
average  load  of  568  kw.  with  a  maximum  of  640  kw.  for  1  hour,  and 
a  minimum  of  405  kw.  for  1  hour.  The  coal  consumption  was  1.78 
lb.  per  kw-hr.  at  the  generator  terminals,  including  a  24-hr.  standby, 
and  the  rate  of  gasification  was  about  10  lb.  of  coal  per  sq.  ft.  of  fuel 
bed  per  hour.    The  fuel  used  was  Pocahontas  run  of  mine. 

35  Plant  F  is  used  for  irrigation  work  where  the  load  is  inter- 
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mittent.  At  times  it  operated  at  full  load  24  hours  per  day  and  at 
other  times  only  10  hours  per  day.  Results  have  been  entirely 
satisfactory.  The  same  is  true  of  E,  which  operates  a  cotton  meal 
mill.  This  is  one  of  the  most  successful  lignite  plants.  The  latest 
reports  state  that  lignite  screenings,  costing  less  than  50  cents  per 
ton,  are  being  used  successfully. 

36  Plant  G  showed  a  fuel  consumption  of  1.65  lb.  of  coal  at  full 
load  per  kw-hr.  at  the  generator  terminals,  1.89  lb.  at  three-quarter 
load  and  2.2  lb.  at  one-half  load,  when  operating  on  Pocahontas 
coal.  On  New  River  slack  the  coal  per  kw-hr.  is  approximately  1.6 
lb.  at  about  full  load. 

37  Plant  B  was  reported  unsatisfactory.  It  was  found  on  in- 
vestigation that  for  two  years  the  plant  had  been  operated  from 
18  to  24  hours  per  day  and  the  station  logs  showed  that  the  engine 
had  pulled  a  25  per  cent  overload  for  about  2  hours  during  the  peak 
every  evening.  Any  fuel  that  could  be  picked  up  in  the  open  market 
was  used,  and  the  man  that  operated  the  producers  also  fired  two 
boilers  for  running  about  400  h.p.  in  high-speed  steam  engines. 

PRODUCER   PLANT    COSTS 

38  The  cost  of  producer  plants  and  of  operating  are  by  no  means 
fixed  quantities,  so  that  it  is  very  difficult  to  give  figures  that  are 
general  and  that  can  be  safely  applied  to  any  and  every  case.  Each 
plant  requires  individual  consideration  in  order  that  no  mistakes  or 
misunderstandings  may  arise.  It  is  therefore  with  some  hesitation 
that  the  following  figures  are  given. 

FIRST    COST 

39  The  first  cost  depends  upon 

a  The  service  or  load  conditions,  that  is,  continuous,  inter- 
mittent, or  variable  load,  and  the  magnitude  of  the 
load.  These  determine  the  necessity  for  duplicate  or 
spare  apparatus  and  the  number  of  units  into  which  the 
plant  should  be  divided. 

b  Upon  the  design  of  the  producer.  With  a  given  fuel  one 
type  of  producer  may  gasify  50  per  cent  more  fuel  than 
another  type,  or  one  type  ma}^  be  capable  of  continuous 
operation,  while  still  another  may  require  a  light  load 
during  the  period  of  the  removal  of  ash. 

c  Upon  the  method  of  generating  steam  for  the  blast.  That 
is,  whether  or  not  the  producer  generates  its  own  steam 
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sii])ply  or  requires  tliat  this  should  be  generatefl  in  sepa- 
rately fired  boilers,  either  direct  fired  or  exhaust  fired. 
Where  the  producer  generates  its  own  steam  supply  the 
first  cost  of  the  producer  i)lant  is,  as  a  rule,  much  less 
expensive  than  the  installation  of  either  direct  or  exhaust- 
fired  boilers. 

d  Upon  the  characteristics  of  the  fuel.  One  fuel  may  be 
gasified  at  a  much  higher  rate  than  another,  thus  re- 
ducing the  size  of  the  producers  required. 

r  Upon  the  percentage  of  ash.  With  low  percentage  a  plain 
water-sealed  producer  is  satisfactory.  With  percentages 
above  12  or  15  per  cent  a  rotating  table  and  cone  bottom 
become  desirable  in  order  to  reduce  the  labor  costs. 

/  Upon  the  scrubbing  apparatus  required.  This  depends 
upon  the  amount  of  volatile  matter  in  the  coal,  and  the 
characteristic  of  the  products  resulting  from  the  volatile 
matter  which  appear  in  the  gas. 

g  Upon  the  method  of  handling,  the  coal. 

h  Upon  local  conditions. 

OPERATING    COST 

40  The  operating  costs  are  very  intimately  connected  with  the 
first  cost  and  depend  upon 

a  The  character  of  the  fuel.  Some  fuels  require  a  greater 
amount  of  labor  than  others. 

b  The  design  of  the  producer.  A  properly  designed  producer 
will  require  much  less  labor  than  a  poorly  designed  pro- 
ducer when  operating  on  a  given  fuel  at  a  given  rate  of 
gasification.  In  some  instances  small  changes  in  the 
arrangement  of  the  admission  of  the  blast  to  the  pro- 
ducer have  reduced  the  labor  required  to  operate  at  least 
50  per  cent. 

c  The  amount  of  ash  contained  in  the  fuel. 

d  The  coal-handling  machinery. 

e  Facilities  for  handling  the  tar. 

/  Supervision.  In  every  instance  where  the  plant  is  under 
the  direction  of  a  man  that  understands  the  apparatus 
and  has  given  his  thought  to  the  operation,  the  operat- 
ing costs  are  greatly  reduced. 

(I  Local  conditions. 

41  In  order  to  analyze  the  different  costs  and  indicate  their 
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approximate  magnitude  for  pressure  plants  ranging  in  size  from  500 
to  1500  b.h.p.,  a  proposition  will  be  assumed  wherein  it  is  required 
to  develop  from  bituminous  coal  of  known  properties,  approximately 
1200  net  b.h.p.  in  excess  of  the  power  required  to  operate  the  pro- 
ducer auxiliaries. 

42  It  will  be  assumed  that  the  load  conditions  are  such  that 
three  units  are  desirable  and  the  costs  will  be  based  on  full  load 
operation  365  days  per  year,  24  hours  per  day.  From  these  costs 
the  effect  of  various  load  factors  may  be  investigated. 

43  The  following  assumptions  will  be  made: 

Coal 13,500  b.t.u.  per  lb.  calorimeter  determination  or  high  value 

Cost  per  ton  delivered SI 

Per  cent  volatile  matter 32 

Per  cent  ash 8 

Efficiency  of  the  producer  based  on  the  effective  heating  value  of  the  gas, 

per  cent 62.7 

Effective  b.t.u.  required  by  the  engines  per  b.h.p.  at  full  load 10,500 

13500  X  62.7  „,^^ 

Effective  b.t.u.  per  lb.  of  coal o4b5 

^  100 

10500 
Lb.  coal  per  b.h.p-hr.  = 1.24 

8465 

B.h.p.  required  for  tar  extractor 30 

B.h.p.  required  for  fan  blower 5 

B.h.p.  required  for  scrubber  water  pump 5 


Total  auxiliaries 40 

Total  b.h.p.  required 1240 

Total  lb.  coal  per  hour  =  1240  X  1.24 1538 

Area  of  fuel  bed  required  at  10  lb.  gasification,  sq.  ft 153.8 

Three  producers  8  ft.  inside  diameter  will  be  requu'ed.    These  would 

have  a  continuous  overload  capacity  of   25   per  cent,  and  50  per 

cent  for  three  hours 
Area  of  fuel  bed  of  each  producer,  sq.  ft 50.26 

44  Each  producer  should  be  of  the  water-sealed  type  for  con- 
tinuous operation  since  the  fuel  is  a  bituminous  coal  of  medium 
grade  containing  a  fair  amount  of  ash.  The  steam  for  the  blast  may 
be  obtained  by  the  use  of  a  superimposed  vaporizer,  a  vaporizer 
placed  between  the  producer  and  the  scrubber,  an  exhaust  boiler 
or  an  independently  fired  boiler.  The  latter  is  very  uneconomical 
and  has  a  high  initial  cost,  so  that  it  is  not  used  in  power  work  at  the 
present  time.  The  exhaust  boiler  is  economical  provided  there  is 
no  other  use  for  the  steam  that  may  be  thus  generated.  The  first 
cost  is,  however,  high,  and  as  in  many  cases  it  must  be  located  at  a 
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distance  from  the  producers  and  requires  more  or  less  attention,  its 
use  in  plants  of  this  size  and  for  this  purpose  is  hardly  justifiable. 

45  The  vaporizer  or  boiler  between  the  producer  and  scrubber, 
while  an  excellent  arrangement  for  anthracite  plants,  is  unsuitable 
for  bituminous  coal  plants  on  account  of  the  solid  matter  that  is 
carried  in  tlie  gas. 

46  The  superimposed  vaporizer  therefore  remains  as  the  last 
choice.  This  is  low  in  first  cost  and  while  it  absorbs  a  certain  amount 
of  radiant  heat  from  the  fuel  bed,  which  could  otherwise  be  utilized, 
it  is  convenient,  requires  little  or  no  attention  and  essentially  no 
repairs,  so  that  for  small  and  medium  sized  bituminous  plants  it  is 
the  most  economical  method  of  generating  steam  for  the  producers, 
and  will  therefore  be  selected. 

47  To  each  producer  a  static  scrubber  will  be  connected,  as 
shown  in  Fig,  1.  These  scrubbers  will  in  turn  connect  to  a  water- 
sealed  gas  main.  Since  the  plant  is  to  operate  continuously,  two  tar 
extractors  and  two  fan  blowers  will  be  required,  one  of  each  for  a 
spare.  The  tar  extractors  and  fan  blowers  should  be  driven  by 
electric  motors  direct  connected;  35  or  40-h.p.  motors  will  be  re- 
quired by  the  former,  while  5  or  7^-h.p.  motors  will  be  required  for 
the  latter.  The  coal-handling  apparatus  will  consist  of  a  30-ton 
coal  bin  located  above  the  second  producer  with  spouts  to  the  coal 
hoppers  of  each  producer.  A  track  bin  will  be  located  near  the 
producer  house  and  an  elevator  used  for  delivering  the  coal 
from  the  track  bin  to  the  30-ton  coal  bin  above  the  producers. 

48  The  ash  removed  from  the  water  seals  of  the  producer  will 
be  loaded  into  a  small  car  which  may  be  hoisted  into  either  a  rail- 
road car  or  ash  wagon  by  means  of  a  block  and  tackle  or  an  air  lift. 

49  The  building  will  be  of  steel  frame  construction  with  cor- 
rugated iron  sides.  A  charging  platform  will  be  built  around  the 
producers. 

50  For  an  equipment  of  this  nature,  the  cost  of  the  producers 
and  auxiliary  apparatus  erected  on  the  foundations,  including  the 
charging  platform  but  not  including  freight,  will  be  approximately: 

Per  b.h.p.  of  the  engine $1 1 .  20 

Foundation  per  b.h.p.  of  the  engine 0.48 

Coal  handhng  apparatus  per  b.h.p.  of  the  engine 1 .42 

liuilding  50  ft.  x  45  ft.  per  b.h.p.  of  the  engine  (not  including  land) .  . .  2.25 

Total $15.35 
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51  The  operating  costs ^  may  now  be  taken  as  follows: 

Interest,  depreciation,  taxes,  insurance  at  13  per  cent  per  annum  per 

b.h.p-hr.  (8760  hr.  per  yr.),  cents 0.02280 

Maintenance  and  repairs,  this  may  be  taken  at  1^  per  cent  of  the  first 

cost  per  annum,  cents 0 .  00270 

52  The  item  of  supplies  is  a  variable  one  and  depends  somewhat 
upon  the  behavior  of  the  fuel.  If  it  is  a  clinkering  fuel  the  cost  of 
bars  for  poking  in  itself  may  amount  to  quite  an  item.  The  total 
should  not  amount  to  over  $200  per  annum  for  average  conditions, 
or  0.00185  cents  per  b.h.p-hr. 

53  Labor  is  also  a  variable  quantity,  depending  upon  the  be- 
havior of  the  fuel,  upon  the  management  and  upon  the  amount  and 
kind  of  coal,  ash  and  tar  handling  apparatus  installed.  In  the  case 
of  the  present  plant,  and  with  a  fairly  good  fuel,  three  men  per 
shift  of  12  hours  should  handle  the  plant  with  ease. 

54  The  price  for  labor  varies  with  the  location,  but  $3  per  day 
for  the  chief  operator  and  $2  per  day  for  his  five  assistants  is  ample. 
This  makes  a  total  of  $4745  per  year,  or  $0.0437  b.h.p-hr. 

55  The  cost  of  fuel  has  been  taken  at  $1  per  ton  and  at  full  load 

1  coo  y  Q7fi0 

the  coal  per  year  will  be  ^  =6745  tons  or  $6745,  or  0.062 

2000 

cents  per  b.h.p-hr. 

56  We  have  therefore 

Per  B.h.p-hr. 

Interest,  depreciation,  taxes,  etc 0 .  02280  cents 

Maintenance  and  repairs 0 .  00270 

Supplies 0.00185 

Labor 0 .  04370 

Fuel 0.06200 

Total 0. 13305  cents 

The  total  cost  of  operating  the  producer  equipment  at  full  load  is 
0.133  cents  per  engine  b.h.p-hr. 

57  If  it  is  assumed  that  the  gas  generated  has  an  average  low 

calorific  value  of  136  b.t.u.  per  cu.  ft.  of  standard  gas, =  62.2  cu, 

136 

ft.  will  be  generated  per  lb.  of  coal,  and  =77.2  cu.  ft.  will  be 

136 

required  per  b.h.p. 

^  Computations  have  been  based  on  the  brake  horsepower  of  the  engine 
and  on  coal  at  $1  per  ton  of  2000  lb.  This  basis  would  seem  to  make  the 
figures  most  easily  appUcable  to  different  conditions  of  load  and  fuel. 
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58  From  the  above  1000  cu.  ft.  of  136  effective  b.t.u.  gas  willjcost 
1.72  cents.  This  figure,  as  above  noted,  does  not  include  the  cost  of 
land  for  buildings,  freight,  nor  the  cost  of  scrubber  water,  which  in 
many  cases  is  obtained  at  the  cost  of  pumping. 

59  From  the  above  figures  the  cost  of  power  for  any  given  load 
factor  may  be  obtained  and  for  any  given  cost  of  fuel.  The  power 
required  by  the  producer  auxiliaries  remains  practically  constant, 
also  the  fixed  charges  and  labor,  unless  in  the  case  of  the  latter  the 
load  factor  is  sufficiently  low  to  dispense  with  one  producer  operator 
per  shift.  The  only  variable  is  therefore  the  amount  of  coal  used 
which  may  be  determined  from  the  number  of  hours  of  operation 
and  the  heat  consumption  of  the  engine  at  different  loads,  on  the 
assumption  that  the  producer  efficiency  is  constant  at  all  loads 
from  25  per  cent  to  1.25  per  cent. 

FUTURE    DEVELOPMENTS 

60  Plants  of  the  type  described  have  proved  reliable  and  eco- 
nomical in  practically  every  case.  Particularly  is  this  true  for  plants 
operating  on  poor  fuels,  like  the  lignites,  and  plants  operating  on 
high  priced  fuels.  The  economy  obtained  depends,  however,  to  a 
large  extent  upon  the  intelligence  displayed  in  the  operation  and  in 
the  design  of  the  plant. 

61  The  future  for  these  plants  is  also  promising,  as  more  eco- 
nomical results  are  now  recognized  as  attainable,  through  the  follow- 
ing improvements  which  reduce  the  first  cost  of  the  plant  and  also 
the  operating  costs: 

a  Increase  in  the  rate  of  gasification. 

6  Decrease  in  the  power  required  to  drive  the  cleaning  appa- 
ratus. 

c  Utilization  of  waste  heat. 
Increase  in  the  rate  of  gasification  has  been  made  possible  by  a  care- 
ful study  of  the  effect  of  the  distribution  of  the  blast  on  the  opera- 
tion of  the  producer. 

62  A  number  of  years  ago  the  writer  demonstrated  on  a  small 
anthracite  producer  in  the  mechanical  engineering  laboratory  of  the 
University  of  Illinois,  that  certain  fuels  could  be  gasified  at  rates  as 
high  as  40  lb.  per  sq.  ft.  of  fuel  bed  per  hour  without  difficulty.  The 
results  of  one  of  these  tests  were  presented  to  the  Society  at  the 
Annual  Meeting  in  1909.^  Later  while  operating  on  lignite  in  Texas 
which  produced  a  very  fine  ash  and  caused  considerable  trouble  in 

1  Testing  Suction  Gas  Producers  with  a  Koerting  Ejector,  Trans,  vol.  31,  p.  831. 
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the  ordinary  central  blast  producer,  the  prime  reason  for  the  satis- 
factory^ gasification  of  one  fuel  at  a  very  high  rate  of  gasification 
and  the  failure  in  t\\c  gasification  of  another  fuel  at  the  same  rate, 
was  most  clearly  and  forcibly  demonstrated. 

63  These  two  experiences,  with  a  study  of  the  operation  of  a 
large  number  of  producers  on  bituminous,  semi-bituminous,  lignites, 
anthracites  and  semi-anthracites,  have  led  to  the  complete  realiza- 
tion of  the  three  fundamental  requirements  that  must  be  met  in  the 
successful  gasification  of  all  fuels  as  previously  set  forth,  viz. 

a  Uniform  distribution  of  the  green  fuel. 

h  Uniform  removal  of  ash. 

c  Uniform  distribution  of  the  blast. 

64  A  study  of  the  producers  on  the  market  today  will  reveal  the 
fact  that  there  are  few  if  any  that  meet  all  of  these  comparatively 
simple  requirements.  A  few  have  partially  done  so  and  have  proved 
successful  at  low  rates  of  gasification,  or  at  high  rates  on  certain 
fuels.  The  Mond  producer  illustrates  the  latter,  although  this  fails 
entirely  to  meet  the  first  and  second  requirements,  but  very  nearly 
meets  the  third,  which  is  the  most  important  and  the  end  desired. 

65  The  Taylor  producer  illustrates  the  former,  for  as  it  was 
designed  it  failed  to  meet  requirements  b  and  c,  and,  while  suc- 
cessful for  gasification  of  10  lb.  and  under,  was  never  capable  of 
higher  rates  on  average  fuels.  A  change  in  accordance  with  the 
above  requirements  demonstrated  that  a  gasification  of  15  lb.  was 
accomplished  with  the  same  ease  as  10  lb.  had  been  accomplished 
in  the  past,  when  operating  on  a  poor  grade  of  anthracite. 

66  From  this  study  and  investigation  it  has  become  apparent 
that  average  fuels  cim  be  gasified  at  rates  from  50  to  150  per  cent 
greater  than  the  present  rating  of  producers  (9  to  10  lb.  per  sq.  ft. 
of  fuel  bed  per  hour),  and  with  no  increase  in  labor.  This  means  a 
great  reduction  in  the  first  cost  of  producer  plants  and  also  in  the 
operating  costs.  Furthermore,  the  same  principles  produce  the 
same  results  in  large  producers  as  in  small  producers,  so  that  it  is 
just  as  practicable  to  build  a  producer  of  large  as  of  small  diameter, 
while  the  labor  per  square  foot  of  fuel  bed  required  in  the  operation 
of  the  producer,  the  first  cost,  and  operating  costs  are  greatly  reduced. 
A  producer  9  ft.  in  diameter  inside  the  lining,  having  an  area  of  63.6 
sq.  ft.,  requires  less  labor  to  operate  than  two  producers  6  ft.  in 
diameter  (area  56.5  sq.  ft.),  while'  the  quality  of  the  gas  is  more 
uniform  than  that  obtained  from  one  of  the  smaller  units.     The 
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same  is  true  of  the  producer  10|  ft.  in  diameter,  which  is  easier  to 
operate  than  two  producers  7  ft.  in  diameter.  It  is,  however,  true 
that  the  gas  from  two  smaller  producers  will  probably  be  more  uni- 
form in  quality  than  the  gas  from  one  large  producer.  In  any  case 
where  continuous  operation  and  uniform  condition  are  essential,  at 
least  two  units  should  be  installed. 

67  The  writer's  experience  would  indicate  that  producers  up  to 
15  ft.  inside  diameter  are  practical. 

68  The  power  required  to  drive  the  cleaning  apparatus  has  pre- 
viously been  referred  to  (Par.  26). 

69  Utilization  of  the  waste  heat  is  an  item  that  has  received  some 
attention  in  the  past,  but  not  as  much  as  it  warrants.  As  a  rule, 
the  average  gas  plant  is  extremely  wasteful  of  heat.  About  12  per 
cent  of  the  heat  in  the  fuel  is  thrown  away  in  the  scrubber  water, 
while  about  60  per  cent  is  thrown  away  in  the  cooling  water  to  the 
engine  cylinders  and  in  the  exhaust.  These  last  two  quantities  are 
available  for  steam  raising  in  the  bituminous  coal  plant.  Approxi- 
mately 2^  lb.  of  steam  can  be  generated  per  b.h.p.  of  the  engine. 
Where  there  is  a  fairly  uniform  load  and  a  demand  for  this  steam,  it 
can  be  obtained  at  a  comparatively  small  cost  and  when  credited 
against  the  cost  of  gas  at  the  same  rate  as  the  cost  of  steam  by  direct 
firing,  reduces  the  cost  of  gas  from  the  plant  from  12  to  20  per  cent. 
If  there  is  no  demand  for  steam  for  heating  or  other  purposes  it  may 
be  used  for  the  generation  of  power  either  in  engines  or  turbines. 

70  In  the  case  of  the  1240-b.h.p.  plant  just  considered,  3100  lb. 
of  steam  can  be  obtained  from  the  engine  exhaust  and  jackets  per 
hour.  The  exhaust  boilers  would  cost  erected,  including  founda- 
tions, about  $2000. 

71  For  good  e(!onomy  the  exhaust  boilers  should  be  of  the  low- 
pressure  self-contained  type,  generating  steam  under  about  5  or  10 
11).  pressure.  The  heating  surface  should  be  approximately  twice 
the  amount  per  b.h.p.  as  that  used  in  direct-fired  boilers.  It  should 
not,  however,  be  sufficient  to  reduce  the  temperature  of  the  leaving 
gases  below  220  deg,  fahr.,  unless  a  cast-iron  boiler  is  used. 

72  Boilers  for  this  purpose  can  be  made  practically  automatic  in 
operation  and  as  a  rule  can  be  attended  by  the  engine  room  oper- 
ators, so  that  there  is  essentially  no  additional  operating  cost  in- 
volved. 

73  The  interest,  depreciation,  repairs,  maintenance,  etc.,  on 
$2000  at  14^  per  cent  per  annum  is  $290,  or  3.31  cents  per  hour. 
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The  steam  if  generated  in  a  small  direct-fired  boiler  would  cost  about 
9  cents  per  1000  lb.  when  using  coal  at  $1  per  ton.  The  credit  for 
steam  is  therefore  3.1X9  —  3.31  cents  per  hour,  or  0.0198  cents  per 
b.h.p-hr.  The  cost  of  operating  the  producer  equipment  per 
b.h.p-hr.  would  be  therefore  0.133-0.0198  =  0.1132  cents.  The 
cost  of  gas  per  1000  cu.  ft.  would  be  1.47  cents. 


THE  PRESENT  STATUS  OF  THE  DIESEL  ENGINE 

IN  EUROPE,  AND  A  FEW  REMINISCENCES 

OF  THE  PIONEER  WORK  IN  AMERICA 

By  Rudolph  Diesel,  Munich,  Germany 
Honorary  Member  of  the  Society 

There  have  been  so  many  pubhcations  recently,  especially  during 
the  past  year,  on  the  construction  of  the  Diesel  engine  and  its  various 
types,  that  it  is  hardly  possible  to  give  any  fresh  information  on  this 
subject.  I  propose,  therefore,  to  admit  as  generally  known  the 
working  principle  and  construction  of  my  engine  and  to  discuss  only 
questions  of  general  importance. 

Since  its  first  appearance  in  1897,  many  Diesel  engines  have  been 
built  in  all  industrial  countries  and  it  has  proved  reliable  when 
properly  constructed.  The  thermal  or  indicated  efficiency  now 
reaches  48  per  cent  in  this  engine,  and  the  effective  or  brake  efficiency 
in  some  cases  35  per  cent  of  the  heat  value  of  the  fuel. 

Fig.  1  shows  the  heat  utilization  for  1  b.h.p-hr.  in  the  different 
kinds  of  prime  movers  now  known,  and  Fig.  2  shows  a  comparison 
of  working  and  test  results  of  steam  plants,  gas  plants  and  Diesel 
engine  plants. 

The  Diesel  engine  converts  the  heat  of  the  natural  fuel  into  work 
in  the  cylinder  itself  without  any  previous  transforming  process, 
and  utilizes  it  as  far  as  the  present  standard  of  science  permits; 
it  is,  therefore,  the  simplest  and  at  the  same  time  the  most  economical 
prime  mover.  The  working  process  for  both  the  four-stroke  cycle 
and  two-stroke  cycle  engines  is  shown  in  Fig.  3,  and  indicator  dia- 
grams in  Fig.  4. 

The  success  of  the  Diesel  engine  is  not  due  to  constructional 
improvements  or  alterations  of  older  types  of  engines,  but  to  its 
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new  principle  of  the  internal  working  process.  A  further  reason  is 
that  the  Diesel  engine  has  broken  the  monopoly  of  coal,  and  has 
solved  the  problem  of  using  liquid  fuel  for  power  production  in  its 
simplest  and  most  g(nieral  form.  It  has  become  for  all  liquid  fuels 
what  the  steam  engine  and  gas  engine  are  for  coal,  but  in  a  much 
simpler  and  more  economical  way.  The  truth  of  this  statement  was 
strikingly  proved  at  the  Turin  exhibition  of  last  year,  where  a  steam 


-Tliruvflical  H.-at.  Cmsuiiunioii  per  Hp-Hr. 

Fig.  1     Comparative  Heat  Utilization  of  Steam,  Gas  and  Diesel  Engines 


turbine  and  a  large  Diesel  engine,  both  made  by  Franco  Tosi  of 
Milan  and  set  up  on  the  same  stand,  were  worked  together  with  the 
same  liquid  fuel.  The  boilers  belonging  to  the  plant  were  fitted 
with  Koerting  nozzles  for  burning  crude  oil.  The  difference  between 
the  two  plants  was,  therefore,  that  for  the  working  of  the  steam 
engine  there  had  to  be  provided  the  whole  boiler  plant  with  its 
chimney,  fuel  supply  apparatus,  feed  pumps  and  purification  plant 


RUDOLPH   DIESEL 


907 


for  feed  water,  and  steam  piping;  and  the  condensation  plant  with 
auxiUarios  and  an  enormous  water  (Consumption.  The  steam  plant 
showed  a  final  result  of  two  and  one-half  or  more  times  the  fuel 
per  horsepower  per  hour  re(iuired  by  the  Diesel  engine  standing 
beside  it.  The  latter,  being  an  entirelj^  independent  engine  without 
any  auxiliary  plant,  took  up  its  crude  fuel  automatically  and  con- 
sumed it  direct  in  its  cylinders  without  any  residue  or  smoke. 

UTILIZATION    OF   NATURAL    PRODUCTS 

Thus  the  Diesel  engine  can  double  the  resources  of  mankind  as 
regards  power  production,  and  has  made  new  and  hitherto  un- 
utilized products  of  nature  available  for  motor  power.  The  Diesel 
engine  has  thereby  exercised  a  far-reaching  influence  on  the  liquid 
fuel  industry,  which  is  at  the  present  time  improving  more  rapidly 
than  was  previously  conceived  possible.    This  is  not  the  place  to  dis- 
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Fig.  2    Comparison  of  Working  and  Test  Results  for  Steam,  Gas  and 

Diesel  Engines 


cuss  this  matter  in  detail,  but  I  wish  to  mention  that,  owing  to  the 
interest  which  petroleum  producers  have  taken  in  this  important 
question,  new  petroleum  sources  are  continually  being  developed 
and  new  oil  districts  discovered.  Moreover,  it  has  been  proved  by 
recent  geological  researches  that  there  is  probably  on  the  globe  not 
only  as  much  but  even  more  liquid  fuel  than  coal,  and  also  that  it  is 
more  conveniently  distributed  as  regards  its  geographical  position. 
These  facts,  which  are  indisputable,  have  gradually  silenced  those 
who  objected  to  too  great  a  development  of  the  Diesel  engine  for 
fear  of  insufficient  stores  of  liquid  fuel. 

That  the  auxiliary  industries  of  petroleum  production  are  also 
considerably  influenced  is  shown  by  the  great  increase  which  the 
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Fig.  3     Working  Process  of  Four-Cycle  and  Two-Cycle  Engines 
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Fig.  4     Indicator  Diagrams  of  Four-Cycle  and  Two-Cycle  Engines 
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transport  industry  for  liquid  fuel  has  experienced  in  recent  times, 
especially  in  the  great  development  of  tank  vessels,  which  are,  or 
will  be,  mostly  driven  by  Diesel  engines. 

But  with  all  this,  the  influence  of  the  Diesel  engine  on  the  world's 
industries  is  not  exhausted.  As  early  as  the  year  1899,  I  utilized  in 
my  experimental  engine  the  by-products  of  coal  distillation  and 
coke  plants,  such  as  tar  and  creosote  oils,  with  the  same  satisfactory 
results  as  with  natural  liquid  fuels,  but  at  that  time  the  quality  of 
these  oils  was  generally  too  inferior  for  their  use  in  the  Diesel  engine, 
and  it  was,  moreover,  subject  to  continual  variations.    It  is  only  in 


Fig.  5     Ground  Plan  of  Power  Plant  at  Turin  Exhibition 


recent  years  that  the  chemical  industries  interested  in  the  matter 
have,  by  improved  methods  of  fractioning  and  refining,  combined 
with  more  careful  selection  of  the  material,  succeeded  in  supplying 
fuel  of  a  constant  and  regular  quality  without  the  drawbacks  of  the 
crude  tar  oils  used  previously.  These  products,  the  tar  and  tar 
oils,  are  thus  definitely  brought  into  the  sphere  of  activity  of  the 
Diesel  engine. 

This  fact  is  not  so  important  in  the  United  States  because  of  its 
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richness  in  natural  oil,  but  it  is  for  European  countries,  especially 
those  countries  not  having  an  oil  production  of  their  own.  It  may  be 
of  interest  to  state,  for  instance,  that  the  tar  production  of  Germany 
is  sufficient  for  more  than  five  millions  of  horsepower-hours  per  year, 
which  means  about  one  and  three-quarter  millions  of  horsepower 
running  300  days  for  ten  hours  each  all  the  year.  In  case  of  war  and 
the  cutting  off  of  the  supply  of  foreign  fuel,  this  quantity  would  be 
sufficient  to  run  the  whole  fleet,  war  and  mercantile,  and  to  provide  in 
the  meantime  the  power  for  the  inland  industries  so  far  as  necessary. 
In  this  connection  it  is  a  pleasure  to  say  that  the  first  industrial 
utilization  of  the  by-products  of  gas  manufacture  by  Diesel  engines 
was  made  in  this  country  by  Col.  E.  D.  Meier,  Past-President  of 


Fi(i.  G     The  World's  Oil  Fields 


The  American  Society  of  Mechanical  Engineers,  who,  in  the  year 
1904,  was  the  first  to  burn  water  gas  tar  of  the  gas  works  in  Phila- 
delphia in  regular  work  for  Diesel  engines. 

It  will  be  seen  from  this  that  the  influence  of  the  Diesel  engine 
on  two  other  industries  is  increasing  the  manufacture  of  gas  and 
coke,  the  by-products  of  which  have  become  so  important  for  power 
production  that  an  enormous  business  is  at  present  connected  with 
them.  It  is  especially  noteworthy  that  every  modern  gas  or  coke 
works  can  be  arranged  to  generate  electric  power  by  using  its  tar  in 
Diesel  engines.    One  fact  which  stands  out  clearly  in  this  connection 
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is  that  coal,  which  seemed  to  be  most  threatened  by  the  liquid 
fuels,  will  on  the  contrary  gain  a  new  and  wider  ground  of  application 
through  the  Diesel  engine.  As  tar  and  tar  oils  are  from  three  to 
five  times  more  satisfactorily  utilized  in  the  Diesel  engine  than  coal 
in  the  steam  engine,  a  much  l^etter  and  more  economical  (consump- 
tion of  coal  is  obtained  if,  instead  of  being  burned  under  boilers  on 
grates  in  a  wasteful  way,  it  is  first  transformed  into  coke  and  tar 
by  distillation.     Coke  is  used  in  metallurgical  and  other  general 


Fio.  7     First  Two  Diksel  Engines  built 


heating  purposes  and  from  a  part  of  the  tar  the  valuable  by-products 
are  first  extracted  and  undergo  further  processes  in  the  chemical 
industry,  while  the  tar  oils  and  combustible  by-products  and  a 
great  part  of  the  tar  itself  are  burned  in  the  Diesel  engine  under 
very  favorable  conditions. 

It  is  evident  that  these  circumstances  are  of  differing  importance 
in  different  countries,  some  of  which  are  exclusively  coal  countries, 
others  oil  countries,  and  others  again,  like  the  United  States,  mixed 
coal  and  oil  countries.  It  is  difficult  to  predict  what  development 
will  take  place  in  a  given  country,  but  it  is  certain  that  the  possibility 
of  burning  the  by-product  of  gas  works  and  coke  ovens  in  the  Diesel 
engine  has  resulted  in  Europe  in  making  the  different  countries  inde- 
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pendent  as  regards  their  supply  of  liquid  fuel  and  has  prevented 
increase  in  price  of  natural  liquid  fuel  and  the  establishment  of 
trusts  or  monopoly  companies.  This  condition  has  been  reached, 
not  by  laws  or  artificial  means,  but  by  the  invincible  force  of  scientific 
investigation  and  industrial  progress  before  which  the  mightiest 
must  bow. 

The  following  statement  may  be  made:  The  proper  development 
of  the  utilization  of  fuel  which  has  already  been  started  and  is  now 
making  rapid  progress  consists,  on  the  one  hand,  of  the  use  of  liquid 


Fig.  8    Third  Diesel  Engine  built.    View  shows  Testing  Brake 


fuel  in  Diesel  engines,  and,  on  the  other,  of  gas  fuel,  also  in  the  form 
of  gasified  coke,  in  the  gas  engines;  solid  fuel  as  little  as  possible  for 
steam  power  generation,  but  as  much  as  possible  in  the  refined  form 
of  coke  for  all  other  heating  and  metallurgical  purposes. 

It  is  not  generally  known  that  it  is  possible  also  to  burn  vegetable 
and  animal  oils  in  the  Diesel  engine  without  difficulty.  The  first 
trials  were  made  at  the  Paris  Exhibition  in  1900  with  earth-nut  oil, 
and  I  have  since  then  repeated  them  with  castor  oil  and  palm  oil, 
and  also  with  animal  oils  such  as  brain  oil.  The  use  of  vegetable 
oils  may  seem  insignificant  now,  but  may  have  in  course  of  time  an 
importance  equal  to  that  of  some  natural  mineral  oils  and  the  tar 
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products  at  the  present  time.  One  can  not  tell  what  part  these  oils 
will  play  in  the  colonies  of  the  future.  In  any  case,  it  is  certain  that 
motor  power  can  still  be  produced  from  the  heat  of  the  sun,  which 
is  always  available  for  agricultural  purposes,  even  when  all  our 
natural  stores  of  solid  and  liquid  fuels  are  exhausted. 

HISTORY    OF   THE   DIESEL   ENGINE 

I  will  now  present  an  historical  summary  of  the  Diesel  engine 
and  will  speak  first  of  the  four-stroke  cycle  engine.  The  first  vertical 
stationary  Diesel  engine  constructed  in  1893  had  the  piston  fitted 


Fig.  9     Diesel  Engine  built  in  1901 


with  a  piston  rod  and  external  crosshead,  the  cylinder  having  no 
water  jacket.  The  camshaft  was  arranged  very  low  and  the  valves 
were  actuated  by  means  of  long  rods.  The  starting  storage  chamber 
consisted  of  a  wrought-iron  pipe  with  riveted  flanges  and  there  was 
no  air  supply  pump,  the  fuel  being  injected  directly.  I  never  succeed- 
ed in  running  this  engine,  not  even  one  revolution.  At  the  first 
injection  of  fuel — the  engine  being  driven  by  outside  power — there 
occurred  a  terrific  explosion  and  the  indicator  went  to  pieces,  nearly 
killing  me.  But  I  knew  then  just  what  I  wanted  to  know:  Pure  air 
could  be  compressed  to  so  high  a  point  that  the  fuel  injected  into 
it  would  ignite  and  burn. 

I  then  built  my  second  engine.    It  had  a  base  similar  to  that  shown 
before,  but  a  water-jacketed  cylinder  and  the  camshaft  was  placed 
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higher  up.  The  most  important  difference  was  in  the  air  supply 
pump  for  the  injection  of  fuel,  the  necessity  for  which  was  onl}" 
recognized  after  several  years'  experimenting  and  without  which  a 
smokeless  combustion  could  not  be  effected. 

The  second  engine  also  would  not  run  and  was  always  a  source  of 
danger.  But  it  gave  the  first  indicator  cards  of  the  whole  cycle  in 
the  few  revolutions  I  could  get  out  of  it.  These  first  two  engines 
taken  together  proved  the  practical  possibility  of  carrying  out  the 
combustion  process  which  I  had  developed  theoretically  years  ago 
and  which  had  been  regarded  impossible  by  the  technical  world. 
I  myself  would  never  have  had  the  patience  and  the  courage  to  con- 
tinue the  work  after  the  disappointments  of  the  first  two  years  of 
experimenting,  had  I  not  been  supported  b^^  an  unalterable  belief 
in  the  correctness  of  my  mathematical  deductions. 

Fig.  8  shows  the  first  reliable  and  complete  Diesel  engine  finished 
in  1897  at  Augsburg  after  about  four  years'  laborious  experimenting. 
It  was  a  vertical  engine  of  18  h.p.  having  the  piston  connected  to  an 
external  crosshead  and  worked  on  the  four-stroke  cycle.  The  illus- 
tration shows  the  engine  with  the  testing  brake  attached,  and  with 
the  other  testing  apparatus  in  the  exact  position  in  which  it  was  used 
by  the  numerous  commissions  of  engineers  and  experts  who  came 
from  different  countries  to  examine  it.  One  of  these  experts  was  Col. 
E.  D.  Meier,  who  passed  a  few  weeks  in  the  engine  room  at  Augsburg, 
testing  and  trying  the  little  engine  over  and  over  again,  and  cross- 
examining  the  operating  engineer,  and  thus  forming  his  opinion 
about  its  significance.  He  was  one  of  the  first  engineers  to  recognize 
its  possibilities  in  the  economical  utilization  of  oil  fuels  through  the 
practical  realization  of  the  Carnot  cycle. 

Mr.  Adolphus  Busch  of  St.  Louis  when  on  the  point  of  sailing  for 
home  summoned  Col.  Meier  to  Paris,  and  after  reading  his  report  and 
discussing  it  from  all  points  agreed  in  its  conclusions  and  arranged 
a  meeting  with  me  at  Cologne,  at  which  we  formulated  and  signed 
a  contract  giving  Mr.  Busch  the  control  of  my  patents  in  the  United 
States.  Both  gentlemen  have  since  been  the  faithful  pioneers  of  the 
engine  in  this  country. 

In  the  following  year,  1898,  a  single-cylinder  engine  of  20  to  25 
h.p.  was  built  at  the  Augsburg  works.  It  had  all  the  characteristic 
details  of  the  experimental  engine  just  mentioned  and  was  the  first 
commercial  machine.  This  type  has  remained  up  to  the  present 
the  exclusive  and  almost  stereotyped  pattern  for  all  stationary 
slow-speed  Diesel  engines  built  in  the  various  countries. 
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The  only  alteration  made  in  the  year  1901  was  the  abandonment 
of  the  external  crosshead  and  adoption  of  the  trunk  piston  shown  in 
Fig.  9.    Vertical  four-stroke  cycle  engines  of  from  10  to  250  h.p.  per 


Fig.  10    250-H.P.  Two-Cylinder  Diesel  Engine  built  in  1902 


Fig.   11     500-H.P.  Three-Cylinder  Diesel  Engine  built  by  Carels,  ex- 
hibited AT  Liege  in  1905 


cylinder  were  constructed  after  this  pattern,  and  units  up  to  1000 
h.p.  were  obtained  by  combining  several  cylinders.  These  engines 
ran  at  comparatively  low  speeds,  from  160  to  200  revolutions,  ac- 
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cording  to  their  size,  and  were  of  very  heavy  construction.  This 
type  of  engine  was  used  exclusively  as  a  stationary  plant  for  various 
industrial  purposes.  Fig.  10  shows  a  two-cylinder  engine  of  this  type 
of  250  or  125  h.p.  per  cylinder  built  in  1902. 
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Fig.  12    400-H.P.  Three-Cylinder  Diesel  Engine  built  in  Russia 


Fig.  13    600-H.P.  Four-Cylinder  Diesel  Engine  built  by  Tosi  in  1911  and 

exhibited  at  Milan 


Fig.  11  shows  the  well-known   500-h.p.  three-cylinder  engine  ex- 
hibited by  Carels  at  Liege  in  1905.    Fig.  12  shows  a  Russian  400- 
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h.p.  three-cylinder  engine,  and  Fig.  13  quite  a  new  Italian  four- 
cylinder  engine  of  600  h.p.  built  by  Tosi  in  1911  and  exhibited  in 
1911  at  Milan. 


Fig.  14     1600-H.P.  Diesel  Engine  Plant  of  the  Russian  town  Kiev  for 
THE  Electrical  City  Railway 


Fig.  15    800-H.P.  Diesel  Engine  Plant  in  the  Basement  op  the  Tietz 
Department  Store,  Munich 


MODERN    EUROPEAN    INSTALLATIONS 

Figs.  14  and  15  show  some  large  European  installations.     The 
first  is  a  1600-h.p.  plant  built  for  the  electrical  railway  of  the  Russian 
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town  of  Kiev,  and  Fig.  15  an  800-h.p.  plant  in  the  basement  of 
the  Tietz  department  store  at  Munich.  These  two  engine  houses 
are  typical  of  our  European  plants  in  the  center  of  our  big  cities, 
electric  stations  and  power  plants  in  big  stores,  hotels,  restaurants 
and  the  like.  For  it  has  been  fully  recognized  that  the  Diesel  engine 
is  the  predestined  engine  for  big  centers  owing  to  the  absence  of 
steam  boilers,  smoke,  and  coal  manipulation,  the  small  space  occu- 


FiG.  16    Sectional  Drawing  of  thk  American  Diesel  Engine 


pied,  cleanliness,  and  the  complete  freedom  from  danger.  These 
engines  are  the  only  ones  that  can  be  installed  in  cities  in  any  country 
without  some  special  concession  or  permit. 

This  gives  me  an  opportunity  to  speak  of  the  wonderfully  devel- 
oped buildings  or  skyscrapers  of  America,  the  power  plant  of  which, 
as  far  as  I  know,  is  generally  a  steam  plant.  I  think  that  it  would 
be  a  great  improvement  to  serve  these  buildings  mechanically  by 
Diesel  engines,  the  waste  or  exhaust  heat  of  which  would  be  suffi- 
cient to  generate  all  the  hot  water  necessary  for  use  in  the  building. 
The  steam  heating  alone  would  have  to  be  done  by  boilers,  which, 
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of  course,  would  be  fired  by  the  same  fuel  as  the  Diesel  engine  and 
would  be  entirely  stopped  for  the  summer  months  of  the  year.  Such 
installations  would  be  not  only  simpler  but  also  more  economical  in 


Fin.  17     Outward  Appearance  of  American  Diesel  Engine 


Fig.  18  View  of  Diesel  Engine  Plant,  Prairie  Pebble  Phosphate  Com- 
pany, Min-BERRY,  Fla.,  consisting  of  Eight  Double  Units  of  450 
H.P.  Each 


operating  cost  and  would  do  away  with  the  smoke  problem  in  the 
large  centers. 
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AMERICAN    INSTALLATIONS 

I  have  given  several  examples  of  this  type  of  engine  to  show  that 
those  which  have  been  built  in  various  factories  and  countries  are 
almost  an  exact  copy  of  the  old  experimental  engine  which  is  today 
in  the  German  Museum  at  Munich.  Only  in  America  has  the  design 
been  simplified  by  the  American  Diesel  Engine  Company,  succeeded 
by  the  Busch-Sulzer  Brothers  Diesel  Engine  Company,  of  St.  Louis. 
In  America  these  engines  were  built,  from  the  beginning,  without 
crossheads,  an  idea  which,  as  already  mentioned,  was  followed  in 
the  year  1901  by  the  European  works  after  the  American  engines 
with  trunk  pistons  had  proved  successful.  They  were  also  built 
from  the  beginning  with  a  closed  base  frame,  and  this  construction, 
as  will  be  seen  later,  has  also  been  adopted  recently  in  the  European 
liigh-speed  engines.  The  American  engines  had  no  valves  in  the 
cylinder  head,  but  they  were  placed  in  a  chamber  cast  at  the  side 
of  the  cylinder  head  which  necessitated  the  fuel  needle  being  placed 
horizontally  between  the  suction  and  the  exhaust  valves.  Finally, 
the  Americans,  instead  of  driving  the  air  pump  for  the  injection  of 
the  fuel  direct  from  the  engine,  always  set  it  up  independently  and 
drove  it  either  by  a  small  extra  engine,  a  transmission  shaft,  or  an 
electric  motor,  in  the  manner  in  which  air  pumps  are  now  set  up  in 
many  Diesel  engine  plants  on  board  foreign  ships. 

The  accompanying  illustrations.  Figs.  18,  19  and  20,  show  some  of 
the  larger  Diesel  engine  plants  in  this  country.  Fig.  18  is  the  plant 
of  the  Prairie  Pebble  Phosphate  Company  at  Mulberry,  Fla.,  so  far 
the  largest  Diesel  plant  in  America.  This  plant  has  16  Diesel  en- 
gines in  8  double  units  of  450  h.p.  each  and  only  5  air  compressors. 
Fig.  19  shows  two  225-h.p.  engines  at  the  plant  of  the  Pittsfield 
Electric  Company,  Pittsfield,  Mass.,  and  Fig.  20,  three  225-h.p. 
engines  at  the  United  Gas  Improvement  Company's  Works,  Phila- 
delphia, Pa. 

The  total  aggregate  of  Diesel  engines  in  the  United  States  is  now 
about  150,000  h.p.  in  about  300  plants. 

As  the  central  electric  stations  took  up  the  Diesel  engine  very 
early,  the  necessity  for  quicker  running  engines  arose.  This  need 
and  the  improvement  in  methods  of  construction  and  utilization  of 
materials  caused  the  gradual  introduction  of  the  new  quicker  running 
four-stroke  cycle  engines,  with  speeds  of  from  300  up  to  600  revolu- 
tions. These,  however,  were  still  exclusively  vertical.  The  main 
difference  in  construction  as  compared  with  the  first  type,  was  that 
the  bearings  of  the  crankshaft  were  connected  with  the  cylinders  by 
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means  of  light  steel  columns  instead  of  by  heavy  cast-iron  A-shaped 
frames,  so  that  the  cast-iron  i)edestal  of  the  machine  became  a  light 
crank  case  relieved  from  great  strain;  in  addition,  the  thickness  of 
all  the  castings  was  diminished.     By  this  means  the  weight  of  the 


Fig.   19     View  of  Diesel  Engine  Plant,   Pittsfield  Electric  Company, 

PiTTSFiELD,  Mass. 


Fig.  20     View  of  Diesel  Engine  Plant,  United  Gas  Improvement  Com- 
pany, Philadelphia,  Pa. 


engines  was  reduced  to  about  one-fourth  or  one-fifth  of  the  weight 
of  the  old  types,  or  to  about  50  kg.  (110  lb.)  per  horsepower.  Four- 
stroke  engines  of  this  kind  are  now  built  up  to  about  700  h.p.  and  are 
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especially    suited   to    drive    dynamos,     blowers,     and     centrifugal 
pumps,  and  also  as  auxiliary  engines  on  board  large  vessels,  etc. 

Fig.  21  shows  a  four-stroke  cycle  high-speed  engine  of  this  type 
made  by  Messrs.  Sulzer  Brothers  in  the  year  1909.    Fig.  22  shows  a 


Fig.  21    High-Speed  Four-Stroke  Diesel  Engine  built  by  Sulzeh  Brothers 

IN  1909 


Fig.  22    High-Speed  Four-Stroke  350-H.P.  Diesel  Engine  built  by  Sulzer 

Brothers  in  1911 


four-stroke  cycle  high-speed  engine  of  350  h.p.  made  by  Sulzer 
Brothers  in  1911.  This  latter  may  be  regarded  as  the  final  and  per- 
manent type  of  the  vertical  four-stroke  cycle  engine  for  stationary 
purposes,  both  for  high  and  low  speeds. 
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When  in  the  last  decade,  through  rapid  development  of  the  French 
submarines,  an  urgent  need  for  a  reliable  submarine  engine  was  felt, 
these  four-stroke  cycle  engines  were  further  reduced  in  weight  by 


Fig.  23     5-H.P.  One-Cylinder  Diesel  Engine,  600  B.H.P.,  built  in  1909 


Fig.  24    Horizontal  Koerting  Diesel  Engine 


using  steel  and  brass  castings,  with  still  thinner  walls,  and  they  have 
also  been  fitted  recently  with  reversing  gears.  I  will  return  to  this 
point  later  when  discussing  marine  engines. 
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SMALL    ENGINES 

This  summary  of  the  development  of  the  vertical  four-stroke  cycle 
engine  would  not  be  complete  without  a  reference  to  the  small  engine 
which  has  recently  been  built.  Fig.  23  shows  a  complete  5-h.p.  one- 
cylinder  plant,  designed  in  1909,  for  600  r.p.m.,  driving  a  dynamo. 
For  this  construction,  man}^  hints  have  been  taken  from  automobile 
engine  designs. 

HORIZONTAL    STATIONARY    ENGINES 

After  vertical  engines  had  been  used  solely  for  about  twelve  years, 
horizontal  four-stroke  cycle  engines  were  built.    The  first  horizontal 


Fig.  25  Double-Acting  Four-Stroke  Twin  Engine  of  ISOO  to  2000  H.P., 
OR  400  to  500  H.P.  PER  Cylinder,  250  R.P.M.,  built  by  Maschinen- 
FABRiK  Augsburg  Nuremberg 


engines  were  practically  vertical  engines  laid  on  their  sides  without 
any  independent  structural  innovations,  as  can  be  seen  from  Fig.  24, 
a  horizontal  Koerting  engine  in  which  all  the  valves  are  fitted  in  the 
cylinder  cover  in  exactly  the  same  way  as  in  the  old  vertical  engine. 
Gradually  the  designers  freed  themselves  from  the  tradition  of  the 
vertical  engine,  and  some  details  were  so  altered  as  to  be  more  suit- 
able for  the  horizontal  position,  and  a  type  of  engine  was  thus  ob- 
tained which,  in  outward  appearance,  is  strongly  reminiscent  of  the 
horizontal  gas  engine.  The  Maschinenfabrik  Augsburg  Nuremberg 
built  such  horizontal  Diesel  engines  for  very  high  horsepower  as 
double-acting  four-stroke  cycle  engines  with  two  or  four  cylinders 
arranged  tandem.  The  largest  engine  of  this  kind  is  shown  in  Fig. 
25;  it  is  a  double-acting  four-stroke  cycle  tandem  twin  engine  of 
1600  to  2000  h.p.,  or  400  to  500  h.p.  per  cylinder,  with  a  speed  of 
250  r.p.m.;  this  engine  works  entirely  on  water  gas  tar. 
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TWO-STROKE    CYCLE    ENGINES 

As  I  have  often  stated,  the  Diesel  principle  is  essentially  suitable 
in  a  two-stroke  cycle  engine,  because  the  scavenging  is  not  done  with 
a  fuel  air  mixture  but  with  pure  air,  so  that  not  only  untimely  ig- 
nitions are  avoided,  but  fuel  losses  as  well,  and  the  scavenging  can 
bo  done  effectively  and  with  almost  any  quantity  of  air  desired. 
The  two-stroke  type  is  now  almost  on  an  equal  footing  with  the  old 
four-stroke  cycle  engine.  This  has  been  effected  by  working  entirely 
on  the  original  Diesel  principle.  I  say  "almost  equal"  because  the 
four-stroke  cycle  engine  still  has  better  combustion  and  more  eco- 
nomical fuel  consumption,  and  is,  above  all,  simpler  in  its  method  of 
working.  It  thus  remains  the  standard  perfect  engine  and  still  pre- 
dominates for  medium  sized  stationary  plants  up  to  500  or  600  h.p. 
(no  exact  limit  can  be  given),  wherever  the  highest  perfection  and 
the  greatest  economy  are  desired.  On  the  other  hand,  the  two- 
stroke  cycle  engine  with  its  smaller  cylinders  has  now  come  into 
favor  for  stationary  plants  of  higher  horsepower,  and,  as  a  marine 
engine,  seems  to  be  the  standard  type.  Two  very  different  funda- 
mental types  of  two-stroke  cycle  engines  have  so  far  been  competing. 
The  first  is  the  engine  made  by  Messrs.  Suizer  Brothers,  Winterthur, 
with  separate  scavenging  pump.  Fig.  26.  The  second,  the  Maschinen- 
fabrik  Augsburg  Nuremberg  engine,  was  l)rought  out  much  later, 
and  has  a  scavenging  pump  with  an  annular  or  stop  piston  placed 
underneath  each  combustion  cylinder.  Both  engines  are  single- 
acting.     Their  relative  merits  can  be  settled  only  by  experience. 

A  three-cylinder  750-h.p.  Sulzer-Diesel  two-stroke  cycle  engine 
and  a  still  larger  Sulzer-Diesel  four-cylinder  two-stroke  cycle  engine 
of  the  same  system,  of  2000  to  2400  h.p.,  are  illustrated  in  Figs.  28 
and  29.    For  the  latter  size  two  scavenging  pumps  are  necessary. 

MARINE    ENGINES 

The  first  marine  Diesel  engine  of  20  h.p.  was  constructed  in 
France  in  1902  to  1903  for  use  on  a  canal  boat,  by  the  French  engin- 
eers Adrien  Bochet  and  Frederic  Dyckhoff,  in  conjunction  with 
myself.  This  engine  had  two  pistons  working  in  opposite  directions 
in  one  cylinder,  and  worked  on  a  four-stroke  cycle.  Others  were 
also  built  in  various  sizes  up  to  several  hundred  horse-power  for 
some  French  submarines  by  Sautter,  Harl6  &  Company,  Paris. 

This  type  of  engine  is  of  no  practical  interest  today,  but  it  has  the 
historical  interest  at  least  of  being  the  first  Diesel  engine  used  on  a 
boat.     Since  the  date  named,  the  evolution  of  the  Diesel  marine 
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engine  has  steadily  continued,  chiefly  because  of  the  demand  of  the 
French  submarines  and  Russian  river  boats.  I  have  already  men- 
tioned that,  later  on,  the  high-speed  four-stroke  cycle  engines,  built 
for  electric  power  stations,  were  made  even  lighter  than  before,  and 
used  for  these  same  marine  purposes.    These  engines  were  not  orig- 


FiG.  28     T.'jO-H.P.  Three-Cylinder  Sulzer  Brothers'  Two-Cycle  Engine 

(Stationary') 


Fig.  29     2400-H.P.  Four-Cylinder  Sulzer  Brothers'  Two-Cycle  Engine 


inally  reversible;  on  the  contrary,  they  were  used  to  generate  elec- 
tricity by  means  of  which  the  propellers  were  driven  indirectly  for 
manoeuvering. 

The  first  reversing  marine  two-stroke  cycle  Diesel  engine,  shown 
in  Fig.  30,  was  built  in  1905  by  Messrs.  Sulzer  Brothers  at  Winter- 
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thur.  At  that  time  engineers  were  not  quite  clear  as  to  the  impor- 
tance and  value  of  the  two-stroke  cycle  principle,  and  many  firms  went 
on  trying  for  years  to  make  the  four-stroke  cycle  engine  reversible. 
The  first  engine  of  this  kind  was  built  in  the  year  1908  by  Messrs. 
Nobel  Brothers  at  St.  Petersburg,  and  was  fitted  to  a  Russian  sub- 


FiG.  30     First  Reversing  Two-Cycle  Diesel  Engine,  built  by  Sulzer 

Brothers  in  1905 


Fig.  31     120-H.P.  Three-Cylinder  Reversible  Marine  Engine 


marine.     Fig.  31  shows  this  120-h.p.  three-cylinder  engine.     It  is 
apparent  even  from  the  outside  view  what  great  mechanical  com- 
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plications  were  at  first  causc'd  by  making  the  four-stroke  engine 
reversible. 

In  many  factories  reversible  four-stroke  cycle  marine  engines  are 
still  built;  but  on  the  whole,  engineers  are  inclined  to  abandon  the 
four-stroke  cycle  engine  entirely  for  navigation  purposes,  and  to 
replace  it  by  the  two-stroke  cycle  engine. 

The  small  four-cylinder  engine  of  30  h.p.  and  600  r.p.m.,  illus- 


FiG.  32    30-H.P.  Four-Cylinder  600-R.P.M.  Four-Stroke  Diesel  Engine, 
BUILT  IN  1909  experimentally  as  an  Automobile  Engine 
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Fig.  33    Latest  Two-Stroke  Reversible  Marine  Engine  built  by  Sulzer 

Brothers 


trated  in  Fig.  32,  is  also  a  reversible  four-stroke  cycle  engine.  It  was 
built  for  experimental  purposes  in  1909  as  an  automobile  engine  for 
heavy  loads,  but  it  can  also  easily  work  as  a  marine  engine.  The 
camshaft  is  mounted  on  the  cylinder  cover,  and  the  illustration 
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shows  the  engine  with  the  cover  Hfted.  The  view  is  of  historical 
value  in  so  far  as  it  illustrates  the  first  attempt  to  construct  the 
Diesel  engine  as  an  automobile  engine  for  traction  wagons,  and  no 
doubt  in  future  years  these  experiments  will  lead  to  satisfactory 
results. 

Fig.  33  illustrates  the  latest  two-stroke  marine  engine  of  Messrs. 
Sulzer  Brothers  which  may  be  considered  today  as  the  standard 
type  of  a  marine  engine  for  smaller  and  medium  sized  powers. 


Fig.  34     Sectional  Drawing  showing  Cylinder  of  2000  H.P.     (Design  by 

Sulzer  Brothers) 
Fig.  35    Experimental  Cylinder  Unit  of  1000  to  1200  H.P.,  built  by  Carels 


For  larger  sizes  of  ship  engines  no  standard  type  can  be  designated 
as  yet.  Each  ship  and  each  engine  must  be  treated  individually. 
Although  several  of  the  Diesel  liners  are  still  equipped  with  four- 
stroke  engines,  it  is  probable  that  the  large  ship  engines  will  develop 
as  a  two-stroke  type  with  crossheads  and  with  exactly  the  number  of 
revolutions  required  by  the  propeller.  There  is  a  tendency  to  make 
these  engines  to  resemble  steam  engines  as  nearly  as  possible,  even 
in  those  points  where  it  would  not  be  necessary,  because  the  marine 
people  adopt  new  types  of  apparatus  more  readily  when  they  resemble 
apparatus  that  they  are  accustomed  to. 

It  is  generally  known  that  very  important  experimental  work 
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is  being  done  in  different  places  for  the  purpose  of  developing  high 
power  marine  engines  with  cylinder  units  reaching  1000  to  2000  h.p. 
and  more.  Some  manufacturers  solve  this  problem  with  double- 
acting  cylinders  and  others  with  single  acting,  but  all  on  the  two- 
stroke  cycle.  The  Maschinenfabrik  Augsburg  Nuremberg  is  ex- 
perimenting on  a  6000-h.p.  two-stroke  double-acting  engine  with 
three  cylinders  of  2000  h.p.  each.  Messrs.  Sulzer  Brothers  are  just 
erecting  a  single  cylinder  of  2000  h.p.,  single-acting,  Fig.  34,  which 
permits  an  entirely  free  expansion  of  the  cylinder  under  the  action 
of  the  varying  temperatures.  Krupp's  Germania  yards  have  a 
2000-h.p.  double-acting  cylinder  on  the  testing  stand.  Vickers 
Sons  and  Maxim  are  experimenting  on  a  large  scale  with  the  double- 
acting  two-stroke  cycle  type.  These  large  cylinder  units  are  kept 
secret  as  long  as  the  experimental  work  is  going  on,  so  that  views  of 
them  can  not  be  shown,  but  Fig.  35  shows  a  cylinder  unit  of  1000 
to  1200  h.p.,  built  by  Messrs.  Carels,  which  is  yet  in  the  experimental 
stage  like  all  others  of  these  large  cylinders. 

If,  as  seems  probable,  these  tests  give  satisfactory  results,  the 
era  of  very  large  Diesel  engines  has  begun.  From  motives  of  pru- 
dence, the  various  navies  which  are  now  fitting  some  warships 
with  Diesel  engines,  started  with  one  Diesel  only  out  of  the  two  or 
three  engines  on  board;  the  Diesel  works  alone  when  the  ship  is 
cruising,  but  for  high  speed,  steam  is  used  as  an  auxiliary.  It  is 
evident  that  large  warships  will  not  be  fitted  solely  with  Diesel 
engines  until  practical  tests  on  the  high  seas  have  proved  to  be 
completely  successful. 

DIESEL    SHIPS 

I  believe  it  will  be  of  interest  to  give  a  complete  list  of  Diesel 
propelled  ships,  but  as  this  would  be  too  long,  I  will  simply  give  a 
summary  of  Diesel  engine  vessels  completed  or  in  course  of  con- 
struction. The  total  aggregate  of  these  vessels  is  365,  and  an  analysis 
shows  the  following  approximate  distribution: 

Oil  tank  vessels 30 

Tugs 40 

Motor  sailing  vessels 10 

Merchant  vessels,  freight,  passenger  and  combined 50-60 

Fishing  boats 15 

Submarines  (among  them  17  U.  S.  Navy  submarines) 140 

Smaller  warships,  small  cruisers,  gunboats,  mine-laying  boats,  and  the  hke .  40 

Small  marine  craft 20 

Miscellaneous 20 
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A  brief  historical  review  of  Diesel  ships  with  results  of  trials  and 
journeys,  as  far  as  a  record  of  them  has  been  obtainable,  follows: 

The  Venoge  is  one  of  the  very  first  small  cargo  boats  plying  on 
Lake  Geneva,  with  non-reversing  engines  driving  the  propeller  elec- 


FiG.  36     Passenger  Diesel  Ship  Uto 


Fig.  '67     (Jerman    Tug  t'ortschritt 


trically.  The  captain  manoeuvers  the  ship  from  his  bridge  only  by 
electrical  contacts,  the  motor  running  below  him  without  any  engine- 
man.  This  boat  exhibits  the  characteristic  features  of  the  Diesel 
ship,  namely,  the  motor  is  as  far  back  as  possible,  the  absence  of  a 
funnel,  the  deck  quite  clear  and  the  whole  body  free  for  cargo. 


RUDOLPH  blESEL 


933 


Fig.  36  is  a  view  of  the  Uio,  a  passenger  vessel  on  Lake  Zuricli  of 
200  tons  displacement^  250  to  260  h.p.,  and  has  made  regular  pas- 
senger trips  on  Lake  Zurich  since  the  summer  of  1909.  It  is  a  con- 
verted steamer,  the  weight  of  the  previous  steam  plant,  including 
coal  and  water,  having  been  14,700  kg.  (14.16  tons)  for  120  km. 
(64.6  sea  miles)  radius.  The  weight  of  the  new  plant  for  the  double 
power  and  1200  km.  (646  sea  miles)  radius  is  (10-fold)  9750  kg. 
(9.6  tons).  The  cost  of  fuel  is  one-fourth  of  the  previous  cost,  and 
the  saving  in  labor  is  one  man.  The  cost  of  fuel  per  km.  is  10.5 
cents  (1.6  d.)  per  mile. 

Fig.  37  shows  the  German  tug  Fortschritt,  of  150  h.p.,  in  Hamburg 
harbor.  It  has  also  made  very  stormy  voyages  on  the  open  sea 
and  carried  fuel  for  eight  days.     The  gain  in  length  is  one-third 
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Fig.  38    Sectional  View  of  Motor  Sailing  Vessel  La  France 


over  a  steamer;  gain  in  weight  of  machinery,  about  one-fourth  over 
a  steam  plant;  weight  of  fuel,  only  20  to  25  per  cent  of  weight  of 
coal  for  the  same  power  in  a  steamer. 

The  Russian  tug  Jakut  has  a  towing  capacity  of  4000  tons.  The 
engines  are  320  h.p.  and  have  worked  satisfactorily  for  two  years. 
The  manoeuvering  power  is  better  than  with  steam  engines.  The 
Jakut  and  a  steam  ice  breaker  went  to  the  assistance  of  a  ship  and 
towed  her  out  of  the  ice,  on  which  occasion  the  fuel  consumption 
of  the  Jakut  was  4380  kg.  (9654  lb.  or  4.3  tons)  as  compared  with 
32,500  kg.  (71,630  lb.  or  32  tons)  by  the  steamer. 

The  San  Antonio  is  the  first  sailing  boat  with  a  Diesel  motor  of 
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200  h.p.  It  navigated  between  the  Baltic  and  the  Mediterranean 
and  proved  so  satisfactory  that  quite  a  new  type  of  ship,  the  aux- 
ihary  motor  sailor,  is  now  being  developed  oh  a  very  large  scale. 

The  Quevilly  is  another  motor  sailor  of  about  6500  tons  displace- 
ment and  600  to  700  h.p.  on  two  propellers.    The  propellers  can  be 
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Fig.  39     Polar  Ship  Fram 


Fig.  40    Oil  Tank  Vessel  building  by  Krupp 


uncoupled  when  using  only  the  sails,  and  their  resistance  when 
running  light  causes  a  loss  of  one-half  a  knot  in  speed.  It  was  the 
first  ship  with  Diesel  engines  to  cross  the  Atlantic,  sailing  from 
Rouen  to  New  York  and  back  in  March  1911,  the  engines  working 
during    1200   hours.     She   made   a   sensation   entering   New   York 
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harbor  under  her  own  power  and  without  the  help  of  a  tug.  The 
second  voyage  was  made  in  July  and  August  1911,  and  the  cost  of 
fuel  was  $1  per  hour  per  engine,  a  very  satisfactory  result.  The 
third  voyage  was  between  Havre  and  New  York  and  lasted  38  days, 
during  26  (650  hours)  of  which  the  engines  worked  against  a  strong 
wind.  The  vessel  takes  its  fuel  in  New  York  for  the  double  journey 
at  a  price  of  $7.50  to  $8  per  ton.  After  the  very  good  experience  of 
this  ship   the  owners  are  now  building  another  motor  sailor. 

Fig.  38  is  a  view  of  La  France,  the  largest  sailing  vessel  in  the 


Fig.  41     First  Two  United  States  Submarines,  El  and  E2 


world.  It  has  five  masts,  10,730  tons  displacement,  length  131  m., 
1800  to  2000  h.p.  in  two  engines,  and  sail  area  69,966  sq.  ft.  It 
runs  between  France  and  New  Caledonia  for  the  Caledonia  ore 
trade  and  was  launched  on  November  16,  1911. 

Fig.  39  shows  a  small  but  most  interesting  motor  sailor,  the  old 
north  polar  ship  Fram,  fitted  with  Diesel  engines.  The  gain  through 
replacing  the  steam  engine  by  the  Diesel  engine  is:  in  engine  space, 
45  per  cent;  in  weight  of  engine,  60  per  cent;  in  weight  of  fuel,  80  per 
cent;  in  space  for  fuel,  85  per  cent;  several  years'  supply  of  fuel  can 
be  stored.  Of  380  tons  cargo  capacity,  100  tons  were  previously 
required  for  the  coal  storage.  The  Fram  sailed  for  six  months  from 
Christiania  to  the  south  polar  regions  without  touching  land  and 
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without  reporting.  During  the  voyage  to  the  Antarctic,  the  engine 
worked  for  2800  hours  without  giving  trouble.  On  March  13,  1912, 
Captain  Amundsen,  on  his  return  from  the  South  Pole,  wired  only 
these  few  words,  "Diesel  motor  excellent." 

The  Russian  oil  tank  vessel,  Djelo,  5700  tons  displacement,  1000 
to  1200  h.p.,  made  several  stormy  voyages  on  the  Caspian  Sea  in 
the  year  1911.  It  embodies  the  special  features  of  the  Diesel  ships: 
a  clear  deck  from  one  end  to  the  other,  no  funnels,  only  two  small 
exhaust  pipes  on  the  stern  with  invisible  exhaust;  engines  on  the 
rear  end  of  the  ship,  with  ship  body  free  for  cargo. 

There  are  a  great  many  oil  tank  vessels  under  construction,  the 
largest  one.  Fig.  40,  being  built  by  Krupp  in  Germany  for  the 
German  Standard  Oil  Company,  with  a  carrying  capacity  of  15,000 
tons  of  oil  and  length  160  m. 

The  latest  passenger  and  freight  boat,  the  Borodino,  with  two 
engines  of  1200  h.p.  each,  built  by  Nobel  Brothers,  made  her  tests 
toward  the  end  of  1911.  There  are  six  of  these  boats  in  commission 
and  a  ship  of  the  same  kind  is  building  at  the  present  time  at  Cock- 
erill's  in  Belgium  for  use  on  the  Congo  River  on  order  of  the  King 
of  Belgium.     This  will  be  the  first  Diesel  ship  on  colonial  rivers. 

Today  the  navies  of  the  world  have  adopted  almost  exclusively 
the  Diesel  engine  as  the  motive  power  for  submarines,  after  the 
pioneer  work  in  that  direction  had  been  done  in  my  offices  in  Munich 
in  connection  with  several  engineers  of  the  French  navy. 

The  submersible  boat  Hvalen  for  the  Swedish  navy  was  con- 
structed by  the  Fiat  Company  of  Spezia,  Italy.  This  is  quite  a  mod- 
ern boat  of  185  tons  displacement,  and  is  propelled  by  three  sets  of 
Diesel  engines.  She  left  Spezia  on  July  30,  1911,  and  arrived  at 
Cartagena,  Spain,  August  2,  1911,  having  covered  a  distance  of  790 
nautical  miles  without  stopping.  She  then  went  to  Portsmouth, 
thence  to  Kiel  and  Stockholm.  The  complete  voyage  of  4000  miles 
was  accomplished  without  escort  and  without  mishap.  She  met 
with  extremely  rough  weather,  but  behaved  very  satisfactorily  and 
won  high  praise  from  her  captain,  Magnussen. 

Fig.  41  shows  the  two  first  United  States  submarines,  E-1  and 
E-2,  fitted  with  Diesel  engines. 

The  new  Russian  gunboat  Kars,  of  1000  h.p.  on  two  propellers, 
six  cylinders,  four-stroke,  was  tested  in  1911:  The  consumption  of 
fuel  with  full  load  in  100  hours  was  1200  lb.  against  4500  to  5000 
lb.  with  coal. 

In  the  case  of  torpedo  boat  destroyers  equipped  with  Diesel  en- 
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gines  and  with  steam  power,  it  is  of  particular  importance  that  in 
the  Diesel  ship  the  engines  are  entirely  under  the  armored  deck, 
while  m  the  steamship  the  steam  engines  and  boilers  must  reach  up 
nearly  to  the  upper  deck,  and  furthermore  the  deck  is  surmounted 
by  the  smoke  stacks.  The  upper  deck  of  the  Diesel  ship  is  perfectly 
free,  permitting  a  much  stronger  gun  equipment.  The  space  for 
the  Diesel  engines  is  one-half  that  for  the  steam  engines  and  boilers, 
which  increases  considerably  the  space  for  the  officers  and  the  crew. 
Mr.  Davison  in  England  has  calculated  the  effect  of  replacing  the 
steam  engine  by  a  Diesel  engine  on  the  Destroyer  Paul  Jones  of 
400  tons  displacement,  8000  i.h.p.  engines,  as  follows: 

Steam  Oil 

Weight  of  engines 449,000  lb.  317,000  lb. 

Weight  per  b.h.p 64  lb.  44  lb. 

Radiu.s  of  action  at  10  knots  and  180  tons  fuel 1,700  knots  10,000  knots 

Radius  of  action  at  28  knots  and  180  tons  fuel 630  knots  2,950  knots 

Fuel  per  b.h.p-hr.  at  20  knots 2.34  lb.  0.5  lb. 

Engineers  and  stokers 54  21 

Fuel  consumption  in  1  year  (20,000  marine  miles) .  .  2,100  360 

Cost  of  fuel 3,840  924 

Cost  of  engine  crew  labor 4,500  1,920 

Cost  of  repairs 2,000  400 

A  comparison  of  the  equipment  of  steam  and  Diesel  engines 
for  battleships  made  by  English  Navy  engineers  is  as  follows: 
Steamship,  4  guns  of  30.5  cm.,  the  motor  ship,  10  guns  of  same  size. 
In  the  latter  case,  due  to  the  absence  of  funnels,  each  of  these  ten  guns 
can  be  directed  to,  nearly  every  point  of  the  horizon ;  for  instance, 
all  ten  can  be  directed  towards  one  side,  giving  more  than  double 
the  fighting  capacity  of  the  steamship.  Also  the  smaller  guns  are 
considerably  different;  the  steamship  has  only  12  smaller  guns  of 
15  cm.,  the  motor  ship  has  18  guns  of  10  cm. 

PASSENGER,  FREIGHT  AND  COMBINED  FREIGHT  AND  PASSENGER 

VESSELS 

Fig.  42  shows  a  small  merchant  vessel,  Rapp,  cruising  in  the 
Swedish  waters.  The  cargo  capacity  is  300  tons,  120  h.  p.  The 
engine  runs  for  long  periods  at  55  to  60  revolutions,  although  the 
normal  speed  is  300  revolutions.  Since  1908  the  vessel  has  made 
numerous  voyages  between  points  in  Sweden,  Finland,  Germany, 
Holland,  England,  Iceland  and  Norway.  On  a  voyage  from  the 
east  to  the  west  coast  of  Sweden,  through  the  canals,  75  locks  had  to 
be  passed  through  and  the  manoeuvering  power  proved  to  be  very 
satisfactory. 
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Fig.  43  shows  the  Toiler,  the  first  Diesel  sea-going  vessel,  with  a 
cargo  capacity  of  about  3000  tons,  360  h.p.  The  steering  is  controlled 
by  compressed  air.  The  cabins  are  warmed  by  water  heated  by  the 
exhaust  from  the  engines.  The  first  voyage  from  the  Tyne  to  Calais 
with  a  cargo  of  coal  was  made  in  very  bad  weather  in  the  summer  of 


Fig.  42     Swedish  Mkhchant  Vessel  Rapp 
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Fig.  43     Passenger  and  Freight  Vessel  Toiler 


1911.  The  oil  consumption  was  1.65  to  1.75  tons  in  24  hours.  A 
steamer  of  the  same  size  would  consume  8  to  9  tons  of  coal  per  day, 
6  times  more.  The  saving  in  cost  of  fuel  as  compared  with  a  steamer 
shows  50  per  cent  gain  in  cargo  capacity,  60  tons.  In  a  voyage  to 
North  America  in  September  1911,  the  fuel  consumption  was  2 
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tons  per  day.  The  saving  in  cost  of  fuel  as  compared  with  a  steam 
plant  was  $11;  the  saving  in  labor  cost  $5  per  day.  The  manoeuver- 
ing  power  proved  to  be  very  satisfactory. 

Fig.  44  shows  Romagna,  of  1000  tons  displacement,  800  h.p.,  put 
in  commission  September  1910,  making  regular  voyages  on  the 
Adriatic-  Sea  between  Ravenna,  Trieste  and  Fiume  in  the  Summer 
of  1911.  In  consequence  of  the  faulty  loading  of  the  cargo,  this 
beautiful  vessel  sank  in  a  terrible  sirocco  in  November  1911. 


Fig.  44     Longitudinal   Section   of  Romagna 
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Fig.  45     Diesel  Liner  Selandia 


A  Diesel  engine  Hamburg- American  liner  of  5600  tons  is  under 
construction  at  the  Aktien-Gesellschaft,  Weser,  of  Bremen.  She 
will  have  two  Diesel  motors  of  about  2000  i.h.p.  and  will  be  delivered 
to  her  owners  about  the  middle  of  this  year. 

Fig.  46  shows  in  a  peculiarly  striking,  although  in  a  somewhat 
popular  form,  the  advantages  of  the  Diesel  plant  in  the  freight  and 
passenger  ship  Jutlandia,  which  is  now  being  completed  by  Messrs. 
Barclay,  Curie  &  Company  and  will  run  between  Europe  and  Siam. 
It  is  a  peculiar  coincidence  that  100  years  separate  two  such  events 
as  the  introduction  of   the  marine  steam  engine  on  the  River  Clyde 
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and  the  launching  at  Glasgow  of  the  first  Diesel  liner  built  in  the 
United  Kingdom.  The  ship  is  of  5000  tons  displacement  and  will 
have  engines  of  3000  h.p.  The  fuel  is  carried  in  the  vessel's  double 
bottom.  The  accommodation  for  her  passengers  will  be  excellent. 
She  will  have  magnificent  staterooms,  each  fitted  with  its  own 
bathroom,  and  a  large  dining  saloon,  smoking  and  music  rooms. 
This  luxurious  accommodation  is  possible  because  of  the  space  saved 
by  the  Diesel  engine.  This  ship  has  no  dangerous  steam  mains,  the 
dreaded  and  dirty  operation  of  coaling  is  absent,  and  while  the  pas- 
sengers appreciate  the  absence  of  heat  from  the  boilers  and  smoke  from 
the  funnels,  the  owner  will  remember  that  the  fireman's  quarters,  the 
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Fig.  46     Comparative  Illustration  of  Advantages  in  Motor  Liner, 

Jutlandia 

boiler  and  bunker  space,  and  the  room  occupied  by  numerous  ven- 
tilation shafts  and  the  funnel  uptakes  can  be  utilized  for  carrying 
more  passengers  and  freight,  the  gain  in  the  Jutlandia  being  more 
than  20  per  cent.  The  exhaust  from  the  engines  will  be  carried  up  the 
hollow  steel  mizzen-mast  so  that  no  fumes  reach  the  passengers. 
The  uppermost  portion  of  this  view  shows  how  in  place  of  25 
engineers  and  stokers  in  a  similar  steam-driven  vessel,  only  8  engineers 
will  be  required  to  operate  the  new  Diesel  vessel.  The  third  sec- 
tion shows  how  small  a  space  is  occupied  by  the  new  Diesel  engines 
as  compared  with  those  of  a  steamer.  The  center  view  shows  the 
arrangement  of  the  Diesel  engines  and  the  method  of  getting  rid  of 
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the  exhaust.    The  lower  view  shows  the  curious  headless  appearance 
of  the  new  ship  when  at  sea. 

Fig.  45  shows  the  Selandia  of  the  East  Asiatic  Company,  Copen- 


FiG.  47     View  of  Engine  on  Board  Selandia 


Fig.  48     View  of  Engine  Room  on  Board  Selandia 


hagen.  This  ship  was  in  the  docks  of  London  about  eight  weeks 
ago  after  having  been  given  severe  trials  in  January  in  the  presence  of 
British,  French,  German,  Italian  and  Russian  engineers.  The  dis- 
placement  is  about  10,000  tons,  length  386  ft.,  two  main  Diesel 
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engines  aggregating  2500  h.p.,  two  auxiliary  engines  aggregating 
250  h.p.  for  the  transmission  of  electric  power  to  operate  the  winches 
and  windlasses. 

Figs.  47  and  48  give  different  views  of  the  engines  and  the 
engine  room.  The  ship  has  now  made  her  first  trip  to  Bangkok 
successfully.  The  cargo  is  1000  tons  more  than  in  a  steamship  of 
similar  size.  The  owners  anticipate  a  saving  in  the  fuel  bill  of  .$25,000 
per  annum  and  a  gain  in  the  yearly  freight  receipts  of  about  $15,000. 
The  East  Asiatic  Company  has  just  now  placed  orders  for  11  Diesel 
ocean  liners  of  the  same  type  and  of  tonnage  ranging  from  6000  to 
10,000  tons. 

LOCOMOTIVE    ENGINES 

Of  the  Diesel  locomotive  nothing  has  heretofore  been  published. 
From  the  early  days  of  my  invention  I  have  been  of  the  opinion 
that  the  special  features  of  the  Diesel  engine  would  be  of  even 
greater  importance  for  transport  purposes  than  for  stationary  work 
and  for  that  reason  I  have  devoted  much  time  to  the  development 
of  the  engine  as  motive  power  for  transportation  mediums.  I  have 
already  mentioned  that  I  made  the  first  small  ship  engine  in  1902 
and  that  since  that  time  the  Diesel  marine  engine  has  been  developed 
without  interruption.  I  further  mentioned  that  I  made  the  first 
automobile  engine  for  trucks  in  the  year  1899,  and  that  I  looked 
forward  to  the  development  of  this  branch  within  a  few  years. 
Finally,  I  have  to  say  that  I  have  worked  for  five  years,  together 
with  Sulzer  Brothers,  at  Winterthur,  and  Mr.  Adolph  Klose  of 
Berlin,  on  the  construction  of  a  Diesel  locomotive,  and  that  the 
first  express  train  locomotive  of  1000  to  1200  h.p.  was  finished  a 
few  weeks  ago,  and  is  now  on  the  testing  bed  in  the  Winterthur 
shops.  Five  years  is  a  very  long  time,  and  to  explain  why  the  work 
has  taken  so  long,  I  must  mention  that  the  thermo  locomotive  is  the 
most  difficult  problem  of  construction  that  can  be  taken  up  in  the 
way  of  modern  engine  building,  not  only  on  account  of  the  difficulties 
in  starting  and  manoeuvering  with  this  special  kind  of  motor,  but 
also  on  account  of  the  limitation  in  space  and  weight.  Compared 
with  this,  the  development  of  the  reversing  and  of  the  Diesel  ship 
engine  has  been  relatively  simple.  Fig.  49  shows  the  design  of  this 
locomotive,  the  car  of  which  was  made  in  the  locomotive  works  of 
A.  Borsig  at  Berlin.  It  is  16.6  m.  long  over  the  buffers  and  has  two 
buggies  of  two  axles  each  (1-1),  and  two  driving  wheels  (2-2).  The 
latter  are  not  directly  coupled  with  the  engine  but  indirectly  with  the 
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blind  axle  (3)  which  is  in  the  meantime  the  crankshaft  of  the  Diesel 
engine  (4). 

The  Diesel  engine  is  an  ordinary  two-stroke  cycle  engine  with 
four  cylinders  (4  —  4)  coupled  in  pairs  under  an  angle  of  90  deg.,  and 
which  drives  the  blind  axle  (3),  cranks  of  which  form  an  angle  of 
180  deg.  This  disposition  gives  complete  balancing  of  the  moving 
masses,  the  first  and  most  important  condition  when  putting  such 
engines  on  a  movable  platform.  Between  the  working  cylinders  are 
placed  two  scavenging  pumps  (5)  driven  by  levers  from  the  con- 
necting rod.  Beyond  the  engine  in  the  roof  of  the  car  is  placed  the 
muffler  (6).  On  the  right  of  the  main  engine  stands  an  auxiliary 
engine  (7).  This  latter  consists  of  two  vertical  two-stroke  cycle  cylin- 
ders (7-7)  coupled  to  horizontal  air  pumps  (8-8)  driven  by  these 
cjdinders.  The  cooler  for  the  air  compressed  by  these  pumps  is  indi- 
cated at  (9) .  These  air  pumps  serve,  according  to  a  special  and  pat- 
ented process,  to  increase  the  power  of  the  main  engine  when  starting, 
manoeuvering  and  going  uphill,  in  su(!li  a  way  that  auxiliary  com- 
pressed air  and  auxiliary  oil  fuel  are  conducted  into  the  main  cylinders, 
by  which  means  the  diagram  is  enlarged,  piaking  the  engine  as  elastic 
as  a  steam  engine.  For  the  current  running  of  the  locomotive  the  main 
cylinders  work  like  ordinary  Diesel  engines  without  the  help  of  the 
auxiliary.  To  the  right  of  the  main  engine  is  placed  a  battery  of  air 
cylinders  (10),  which  help  the  action  of  the  auxiliary  engine  and 
which  can  be  refilled  by  the  auxiliary  engine  at  times  when  the 
latter  is  not  used.  Two  pumps  (11  and  12)  provide  for  the  water 
circulation  in  the  cylinder  jackets.  Apparatus  for  the  back  cooling 
of  the  water  by  evaporation  is  indicated  at  (13),  and  at  (14)  the 
tanks  for  fresh  water  and  for  fuel.  A  small  donkey  boiler  at  (15)  is 
for  the  heating  of  the  train.  The  channels  (16)  under  the  roof  lead 
the  fresh  air  to  the  suction  pipe  of  the  different  motor  and  pump  cyl- 
inders. The  whole  plant  is  contained  in  a  closed  engine  room,  which 
makes  the  locomotive  look  from  the  exterior  like  a  modern  steel  car. 

The  engineer  can  operate  equally  well  on  either  end  of  the  loco- 
motive, as  the  engine  is  arranged  for  running  in  both  directions. 
He  has  a  direct  view  of  the  track.  Both  doors  and  platform  lead 
from  the  engine  to  the  train. 

The  total  weight  of  the  locomotive  in  service  is  85  tons.  Fig.  50 
gives  the  details  of  the  car  construction. 

I  cannot  predict  whether  this  attempt  at  an  entire  revolution  in 
the  working  of  railways  will  be  successful  at  the  first  attempt,  or 
whether  it  must  be  repeated,  but  one  thing  is  certain  to  me,  the 
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Diesel  locomotive  will  come,  sooner  or  later,  according  to  the  perse- 
verance with  which  the  problem  is  followed. 

CONCLUSION 

Before  concluding  my  lecture  I  should  like  to  touch  upon  an 
important  question  which  has  been  put  to  me  by  the  Secretary  of 
the  United  States  Navy,  to  whom  I  paid  my  first  visit  upon  arrival 
in  this  country,  and  which  has  been  repeated  to  me  nearly  every  day 
since  I  left  the  pier  at  Hoboken:  Why  is  America  so  far  behind 
Europe  in  the  development  of  this  new  prime  mover,  which  in  fact 
is  no  longer  new? 

To  answer  this  I  must  emphatically  state  that  the  Diesel  engines 
built  in  this  country,  after  having  passed  the  necessary  manufac- 
turing apprenticeship  more  than  ten  years  ago,  have  been  and  are 
quite  as  good  as  our  European  machines.  So  the  question  is  not 
a  technical  one,  but  merely  a  commercial  one,  or,  even  more,  one  of 
the  general  economic  conditions  in  this  country.  I  do  not  know  the 
United  States  sufficiently  to  judge  these  conditions  on  my  own 
behalf,  but  I  have  tried  to  find  out  in  my  conversation  with  many 
prominent  engineers,  and  the  following  is  what  I  could  learn: 

a  Coal  is  much  cheaper  than  in  Europe,  and  therefore  people 
are  more  wasteful  with  it.  While  the  leading  idea  in 
Europe  is  always  economy  in  operating  cost,  the  leading 
idea  in  America  is  economy  in  first  cost.  The  word 
efficiency,  which  is  the  base  of  every  contract  with  us, 
seems  to  be  unknown  to  a  vast  proportion  in  this  country ; 
of  course,  not  to  engineers,  but  to  business  men  and  to 
buyers  of  engines. 
b  In  the  same  order  of  ideas,  American  steam  engines  are 
much  cheaper  than  ours.  But  the  Diesel  engine  is  not 
and  will  not  be  a  cheap  engine;  it  aims  to  be  the  best 
engine  and  must  be  constructed  of  the  highest  class  of 
materials  with  the  most  skilled  workmanship.  This 
makes  it  difficult  for  it  to  compete  with  this  type  of 
engine  under  the  ideas  which  prevail.  The  people  here 
are  accustomed  to  engines  of  very  low  price,  taken  per 
pound,  and  the  price  of  Diesel  engines  per  pound  seems 
to  them  exorbitant;  several  people  have  said  that  they 
would  never  buy  an  engine  at  that  high  price  per  pound, 
even  with  a  guarantee  that  the  whole  plant  would  earn 
its  cost  by  the  savings  of  a  few  years  only. 
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c  The  lack  of  capital  on  the  part  of  the  prospective  purchaser 
in  many  cases,  and  also  in  many  cases  the  higher  rate  of 
capital    interest    prevailing    in    the    American    money 
markets. 
d  In  the  last  few  decades  the  general  business  profits  have 
been  so  large  that  people  did  not  care  for  the  most  eco- 
nomical   methods  of   production  and    for  the  strictest 
economy  in  the  fuel  bill  as  well  as  other  expenses,  the 
ruling  object  having  been  to  manufacture  quickly  and 
in  quantities  without  regard  to  the  cost.     America  has 
not  had  to  compete  with  the  industrial  countries  of  the 
world,  as  Europe  has. 
I  have  been  told  by  American  engineers  that  what  has  happened 
to  the  Diesel  engine  has  also  happened  to  the  large  gas  engine, 
especially  with  blast  furnace  gases,  and  also  with  the  steam  turbine, 
both  of  which  were  taken  up  in  this  country  long  after  their  develop- 
ment in  Europe. 

The  same  has  happened  also  with  the  by-products  of  coke  ovens. 
Even  today,  the  wasteful  bee-hive  oven  is  in  use,  while  in  Europe 
the  industry  of  the  valuable  by-products  earn  hundreds  of  millions 
every  year,  and  have  had  the  tendency  to  keep  the  prices  of  the 
natural  liquid  fuels  on  a  lower  level. 

All  the  conditions  I  have  alluded  to  seem  to  be  changing  rapidly 
now;  this  terribly  wasteful  performance  begins  to  be  recognized,  the 
competition  has  become  more  keen,  and  a  conservation  of  natural 
resources  is  striven  for  more  than  ever  before.  If  this  is  true,  the 
high -class  engines  with  the  highest  efficiency  will  begin  on  this  side 
of  the  ocean  to  have  the  same  importance  as  abroad.  In  conclusion, 
I  hope  that  I  have  succeeded  in  giving  a  true  and  clear  picture  of  the 
development  of  the  Diesel  engine  in  Europe,  with  a  few  reminiscences 
of  the  pioneer  work  in  America.  Nowhere  in  the  world  are  the  possi- 
bilities for  this  prime  mover  as  great  as  in  this  country. 
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The  aim  of  the  Foreign  Review  is  to  present,  within  the  available 
space,  the  main  data  contained  in  the  articles  indexed.  Where  pos- 
sible, reference  is  made  to  English  or  American  publications  con- 
taining fuller  information  on  the  subject  treated.  Measures  are 
given  both  in  original  units  and  their  English  equivalents.  In 
many  instances,  engravings  and  tables  are  reproduced.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  Articles  are 
classified  as  c  comparative;  d  descriptive;  e  experimental;  g  gen- 
eral; h  historical;  m  mathematical;  p  practical;  t  theoretical.  Art- 
icles of  exceptional^merit  are  rated  A  by  the  reviewer. 

Aeronaatlcs 

Vebsuchseinrichtunqen  zue  Prutung  von  Luftschbauben,  p.  Bejeuhr. 
Dinglers  polytechnisches  Journal,  April  6,  1912.    3  pp.,  8  figs.    dh.    Descrip- 
tion of  various  appliances  for  testing  aerial  propellers,  with  some  historical 
information  on  the  development  of  this  branch  of  testing. 
Air  machinery 

FiLTRES    A    AIR    POUR    TURBO-GENERATEURS,     COMPEESSEURS    ET    AUTRES     MA- 

/ 

CHINES.  Electro,  March  1912.  2%  pp.,  5  figs.  d.  Discussion  of  the  use  of  air 
filters  vpith  turbo-blowers,  compressors,  etc.,  and  description  of  the  Schtttz 
filter. 

ElEMENTARE  BeRECHNUNG  DER  TURBO-GebLASE  UNO  KOMPBESSOBEN,  R.  von 

stein.  Dinglers  polytechnisches  Journal,  April  20,  1912.  t.  Beginning  of  a 
series  of  articles  on  elementary  methods  of  designing  turbo-blovp^ers  and 
compressors,  without  the  use  of  entropy  diagrams.  An  account  will  be 
given  later. 

WiRKUNG  VON  Venttlatoren  und  Kapselgeblasen,  G.  Lindner.  Zeits.  fvt 
Dampfkessel  und  Maschinenbetrieb,  April  5,  1912.  2|  pp.  10  figs.  tA.  Hydro- 
dynamic  equations  cannot  be  applied  to  the  calctdation  of  ventilators  and  rotary 
blowers,  because,  first,  the  density  of  the  air  is  not  constant  like  that  of  water, 
and,  second,  the  flow  between  the  blades  of  the  rotor  is  unknown,  the  tendency 
being  for  the  stream  of  air  not  to  follow  the  curvature  of  the  blade,  but  to  press 
closer  against  the  driving  surface.  The  energy  communicated  to  the  air  by  the 
fan  can  therefore  be  calculated  only  approximately,  while  its  blast  capacity 
cannot  be  calculated  from  the  form  and  speed  of  rotation  alone  at  all. 

Theoretically  the  gain  of  energy  can  be  expressed  (2,  Fig.  1)  in  meters  of  air 
by  the  formula 
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where  v  =  ur  —  wlge  is  the  tangential  velocity  of  the  air,  w  its  radial  velocity,  and 
tge  is  somewhat  larger  than  at  the  vanes.  To  make  this  formula  more  convenient 
for  practical  purposes,  the  author  expresses  it  in  millimeters  of  water  by  multi- 

=      ,    and 
g        8 

where  c  is  the 


plying  it  by  the  specific  gravity  of  air  7  =  1.25  kg/cbm  (therefore 

V2fl 
—  =4),  and  introducing  u-i  =  ur2  =  u,  as  well  as  Wi=W2- 
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velocity  of  flow  in  the  neck  of  the  nozzle.    He  obtains  finally  the  formula 


where  the  factor  ^  depends  on  the  construction  of  the  blower  wheel,  but  varies 
somewhat  with  the  flow  in  accordance  with  the  vane  angle.     For  c  =  0,  and 

-  =  1/2  or  1/3,  Ho'=0.09m2  or  O.llw'^  respectively. 
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Fig.   1     Air  Blower  Diagram 

To  determine  the  blast  capacity,  the  resistances  in  the  blower  have  to  be  re- 
placed by  equivalent  throttling  areas,  such  as  the  orifice  e  in  case  of  a  suction 
fan  (3,  Fig.  1),  or  a  similar  orifice  a  at  the  pressure  side  in  case  of  a  blower.  The 
throtthng  in  e  destroys  a  part  of  the  atmospheric  pressure  in  the  suction  cham- 
ber, and  diminishes  the  total  pressure  by  the  amount  he.  There  is  a  static  pres- 
sure above  atmospheric  h  on  the  other  side,  as  well  as  velocity  head  he  corre- 
sponding to  the  velocity  c  in  meters  per  second  of  flow  in  the  neck  of  the  nozzle 
of  cross-section  b  in  square  meters.  A  fraction  k  of  this  velocity  head  is  utilized 
for  the  flow  through  the  orifice  a,  and  the  efflux  velocity  at  a,  with  efflux  co- 
eflBcient  m,  is  a  function  of  the  pressure  h^  =  h+khc-  The  capacity  of  the  efflux  is 
therefore 

2  gha 
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This  equation  shows  also  the  necessary  ratio  of  throtthng  -  =  - — r^= 


;  if  we  ac- 


cept c=     d  where  d  in  mm  is  the  internal  diameter  of  the  pipe  fully  satisfying 

practical  demands  and  conditions  of  operation,  and  m  =  0.8  for  orifices  of  average 

a 
size.  Table  1  gives  practically  acceptable  values  for  -. 
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In  general  blowers  for  high  pressures  have  -equal  to  1/6 or  1/4,  and  those  for 

0 

a 
large  blowing  capacity  r-  equal  to  1/4  to  1/2. 

0 

The  energy  H  of  the  blower  wheel  is  not  equalized  entirely  by  the  static  pres- 
sure above  atmospheric  K+h,  and  the  difference  h,  goes  to  overcome  the  internal 
resistances  in  the  machine,  and  to  produce  the  flow  of  air.  It  is  convenient  to 
express  the  flow  in  terms  of  the  known  cross-section  of  the  neck  of  the  nozzle  b, 


TABLE   1  VALUES  OF  r  FOR  VARIOUS  ORIFICES 
o 


d  (mm) 

c  (m  per  sec.) 

A  =  100 

400 

900  (mm  of  water) 

a 

100 
250 
400 
1000 

9  to  10 
14  to  16 
18  to  20 
30  to  33 

0.30 
0.50 
0.60 
1.00 

0.15 
0.26 
0.30 
0.50 

0.10 
0.15 
0.20 
0.30 

and  to  introduce  a  coefficient  v  to  take  care  of  the  resistances  in  the  blower.   Then 
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where  for  h\  =  H—he—h  is  substituted  its  value  from  the  above  equations. 

a     \     h 
The  coefficient  v  =ii-'-x\  »  together  with  the  coefficient   ^,  are  the  two 


«         h 
b\  H-h 


characteristic  constants  which  can  be  found  by  testing,  and  which  permit  the 
calculation  of  the  pressvure  and  blowing  capacity  of  a  blower  under  all  conditions 
of  operation,  if  e  or  o  are  known. 

The  article  contains  also  a  discussion  of  the  influence  of  a  diffusor,  and  a 
method,  similar  to  the  above,  for  the  calculation  of  the  efficiency  oj  a  rotary 
(Root's)  blower. 

Flrins  and  Furnaces 

Deb  Irinyi-Olbrenner  fur  Ol-Feuerungsanlagen,  Dr.  S.  Oesundheits- 
Ingenieur,  April  6,  1912.  V/^  PP-.  3  figs.  d.  Description  of  the  Irinyi  oil- 
burner,  and  data  of  tests  lately  finished,  but  not  yet  published,  by  Professor 
Josse  at  the  Charlottenburg  Technical  High  School.  The  burner  casing  a 
(Fig.  2)  is  provided  in  its  upper  part  with  the  slot  /,  under  which  is  placed 
the  retort-shaped  carburetor  ft,  having  the  fuel  brought  to  It  by  the  pipe  c. 
Under  the  carburetor  is  placed  the  tray  d  for  the  initial  heating  fuel.  The 
fuel  flows  direct  into  the  carburetor  placed  in  the  hottest  part  of  the  fur- 
nace, and  arranged  so  that  there  can  be  no  possible  back-firing  into  the 
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carburetor.  The  fuel  is  there  rapidly  evaporated,  no  air  being  present,  the 
evaporation  being  accelerated  by  the  foaming  and  expansion  due  to  the 
presence  in  the  fuel  of  the  lighter  oils.  On  coming  from  the  carburetor  the 
vapor  mixes  with  the  air  drawn  in  by  the  draft  in  the  stack,  and  gives  a 
hot  flame  varying  from  red  to  blending  white,  with  clean,  sharp  edges,  free 
of  soot.  The  burner  can  use  practically  any  kind  of  liquid  fuel,  naphtha, 
naphthalin,  or  any  of  the  coal-tar  oils. 

Professor  Josse  in  his  tests  found  that  a  burner  with  a  carburetor  of 
GO  mm  to  80  mm  (2.3G  to  3.14  in.)  in  diameter  burned  without  residue  from 
1.2  to  15  and  even  20.1  (0.32  to  3.95  and  even  5.3  gal.)  per  hr.,  with  no  coke 
residue  noticeable.  The  temperature  of  the  flame,  with  admission  of  fresh 
air,  varied  normally  between  700  and  1200  deg.  cent.  (1292  and  2192  deg. 
fahr.),  but  by  admission  of  preheated  air  any  temperature  employed  in  oil 
firing  could  be  obtained.  The  analysis  of  the  gases  of  combustion  has  shown 
the  content  of  CO,  as  high  as  13i/{;,  per  cent,  or  an  efficiency  of  85  to  90  per 
cent,  with  a  gresit  rogularity  hi  the  woi-king  of  the  I)uruer.     In  fact,  it  is 


Fia.  2     Irinyi  OiI/-Burner     (Mark  the  absence  of  nozzles) 


claimed  that  trouble  can  arise  practically  only  owing  to  impurities  in  the 
fuel,  and  this  can  be  eliminated  by  straining. 

Die  Regelunq  von  mit  flussigem  Beennstoff  betkiebenen  Fexjebungen, 
Dr.  G.  Petroleum,  March  20,  1912.  1  p.  d.  Description  of  an  air  supply 
regulator  for  liquid  fuel  furnaces,  arranged  so  that  the  governor  of  the 
motor  driving  the  blower  is  regulated  in  accordance  with  the  pressure  in 
the  oil  piping  in  such  a  manner  that  the  rotation  of  the  blower  is  speeded 
up  or  retarded  respectively  as  the  oil  pressure  increases  or  decreases.  The 
proportion  of  air  and  oil  in  the  furnace  is  therefore  constant  under  all  con- 
ditions of  working.  The  oil  pump  is  driven  by  steam,  and  in  its  turn  drives 
the  oil  into  the  pressure  piping.  The  pressure  in  this  piping  depends  on  the 
pressure  and  amount  of  the  steam  entering  the  pump,  and  acts  on  the  piston 
of  a  reduction  valve  in  such  a  manner  that  as  the  pressure  in  the  oil  pres- 
sure piping  increases  or  decreases,  the  piston  is  pressed  down  more  or  less, 
whereby  a  larger  or  smaller  amount  of  steam,  of  higher  or  lower  pressure, 
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is  let  through  the  reduction  valve  to  the  engine  driving  the  blower,  and  this 
correspondingly  affects  the  output  of  the  blower  so  that  at  higher  pressure 
in  the  oil  piping  the  blower  supplies  a  lai'ger  amount  of  air  to  the  oil  nozzle. 

The  article  also  describes  autoiiiatic  air  regulation  for  locomotives  using 
liquid  fuel  patented  in  Austria  by  von  Madeyski  and  von  Krobicki   (the 
pressure  in  the  furnace  is  used  for  regulation,  with  a  movable  piston  placed 
in  the  wall  of  the  furnace  or  a  fire  door). 
Hydranllcs 

Die  Berechnunq  deb  Flussigkeitsreibung  in  Saugrohren,  DtJSEN  und 
Zellen  von  Turbinen  und  Pumpen  und  deren  Einfluss  auf  den  Wib- 
KUNGSGRAD,  V.  Kaplan.  Zeits.  filr  das  gesamte  TurMnenwesen,  February  29, 
March  10,  20  and  30,  1912.  11  pp.,  11  figs.  tA.  Calculation  of  friction  in 
draft  tubes,  nozzles  and  buckets  of  xoater  turbines  and  pumps  and  of  its 
influence  on  the  efficiency.  The  author  shows  that  the  usual  method  of  con- 
sidering friction  losses  as  a  certain  percentage  of  the  total  drop  without 
regard  to  the  area  and  form  of  the  cross-section  of  the  respective  passages 
may  easily  lead  to  quite  misleading  results,  especially  in  the  design  of  new 
units.  He  therefore  establishes  certain  formulae  for  the  calculation  of  fric- 
tional  resistance  of  water  in  conical  draft  tubes  and  nozzles  on  one  hand, 
and  runners  and  distributors  on  the  other.  To  do  this  the  author  starts 
from  Biel's  empirical  formula  for  the  calculation  of  loss  of  pressure  head  in 
flow  of  water 


Ic'f        /  6      ,1 


where  h  in  mm.  of  water  is  the  loss  of  head  due  to  friction;  c  the  mean 
velocity  of  flow  in  m.  per  sec. ;  I  length  of  the  tube  in  m. ;  R  hydraulic 
radius  expressed  as  the  ratio  of  area  of  cross-section  of  tube  in  sq.  m.  to 
Its  circumference  in  m. ;  a  the  so-called  "fundamental  coefficient"  (Grund- 
falctor)  which,  according  to  Biel,  may  be  taken  to  be  constant  and  equal  to 
0.12;  /  coefficient  of  roughness,  equal  to:  for  turbine  passages  0.015,  and 
for  ordinary  cast-iron  and  wrought  iron  pipes  0.019 ;  the  last  element  is  in- 
tended to  represent  the  variable  (with  temperature)  viscosity  of  water, 
but  in  comparison  with  other  factors  may  be  neglected  altogether  accord- 
ing to  Professor  Kammerer's  investigation.  The  author  accepts  therefore 
for  his  purposes  the  simplified  formula 
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from  which  h  can  be  very  easily  calculated  as  long  as  the  hydraulic  radius 
R  and  velocity  c  remain  constant.  They  are  not  constant,  however,  in  coni- 
cal nozzles,  and  the  author  derives  somewhat  complicated  formulae  for  this 
and  similar  cases,  which  he  then  applies  to  numerical  examples.  He  proves 
that  friction  losses  depend  materially  on  the  shape  of  the  section  through 
which  the  water  flows,  and  shows  how  to  find  the  friction  losses  at  each 
point.  He  gives  further  a  general  solution  for  the  problem  of  finding  the 
friction  losses  in  a  passage  of  variable  rectangular  cross-section,  investi- 
gates the  influence  of  the  number  of  vanes,  and  their  length  and  height, 
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and  proves  the  following  general  rules:  (a)  all  other  conditions  being 
equal,  vane  friction  grows  in  proijortion  to  the  length  of  vane;  (h)  when 
the  number  of  vanes  is  doubled  the  friction  is  quadrupled;  (c)  when  the 
width  of  entrance  is  doubled,  the  friction  decreases  more  than  four  times; 

(d)  in  two  geometrically  similar  wheels,  that  is,  having  geometrically  simi- 
lar buckets,  the  friction  varies  inversely  as  the  diameter  of  the  wheel ; 

(e)  a  large  number  of  vanes,  even  when  they  are  very  thin,  have  a  material 
influence  on  decreasing  the  flow  of  water  through  the  wheel;  the  same  is 
true  with  respect  to  long  vanes,  and  small  entrance  and  discharge  cross- 
sections.  The  author  finally  concludes  that  the  highest  degree  of  eflBciency 
of  a  turbine  or  pump  is  reached  when  the  least  friction  in  the  wheel  and 
tubing  is  made  coincident  with  a  free-from-impact  flow  of  water  through 
the  entrance  and  discharge  passages  of  the  wheel. 

Internal  Combustion  Ens;lnes 

Die  Internationale  Ausstellung  von  Verbrennungsmotoren  in  St. 
Petersburg.  N.  Bikoff  and  G.  von  Doepp.  Die  Gasmotorentechnih\  April 
1912.  6  pp.,  14  figs.  d.  Continuation  of  the  description  of  the  internal- 
combustion  engines  at  the  International  Exhibition  at  St.  Petersburg.  De- 
scription of  the  Gueldner  engine  and  Richet  gas  producer  built  by  the 
Kolomna  works,  Russia ;  the  engine  built  by  the  Campbell  Co.,  of  Halifax, 
England,  and  the  engine  and  Pierson  producer  of  the  Thomassen  Co.,  of 
Arnheim,  Holland,  with  data  of  tests  of  the  last  two  types. 

VERSUCHSPROTOKOLL    tJBER    DIE    VeRGASUNGSVERSUCHE    AtlT    WaCKERSDORFER 

Rohbraunkohle  auf  DEM  Stahlwerk  Mannheim  in  einem  patentiertem 
Drehrost-Gasgeneratob  System  Hilger  von  2100  mm  liohtem  Dubch- 
messer.  BraunkoJile,  March  29,  1912.  1  p.  Data  from  tests  of  a  Hilger 
Revolving  Grate  Oas  Producer  ivith  lignite  coal  containing  52.7  per  cent 
moisture,  and  ahout  60  per  cent  culm.  There  was  obtained  1.6  cbm  of  gas 
per  1  kg  of  coal  (25.5  cu.  ft.  per  lb.),  with  an  average  lower  heating  value 
of  1100  Kal./cbm  (say  125  b.t.u.  per  cu.  ft.).  The  gas  was  found  to  be 
rich  in  moisture  and  tar,  but  comparatively  poor  in  sulphur.  The  efficiency 
of  the  producer  is  claimed  to  be  80  per  cent. 

VERSUCHE  an   EINER   SuLZERSCHEN   3(X)  PFERDIGEN   DIESELMOTORANLAGE   MIT 

Abwabmevebwertung,  J.  Cochand  and  M.  Hottinger.  Zeits.  des  Vereines 
deutscher  Ingenieure,  March  23,  1912.  5  pp.,  17  figs.  e.  Data  from  tests  of 
a  300-hp.  Diesel  engine  with  the  utilization  of  heat  of  exhaust  gases  in  two 
water  heaters  of  30.24  qm  (say  323  sq.  ft.)  heating  surface.  The  article 
gives  heat  balances  for  the  engine  at  various  loads,  as  well  as  curves  show- 
ing the  mechanical  efficiency  of  the  installation,  etc.  These  tests  have 
shown  that  as  much  as  SO  per  cent  of  the  heat  contained  in  the  fuel  may  be 
usefully  employed. 

Benzinmotor  und  Hochdruckzentrifugalpumpe  der  Frankfurter 
Feuerwehr  in  einem  Dauerbetriebe,  Schiinker.  Der  Motorwagen,  April  20, 
1912.  1  p.  ep.  In  the  summer  of  1911  the  excessive  heat  forced  the  eon- 
sumption  of  water  in  the  city  of  Frankfort  from  70,000  cbm  to  110,000 
cbm,  an  amount  considerably  in  excess  of  what  the  machinery  of  the  water 
works  could  deliver.     There  was  however  a  well  with  good  water  avail- 
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able,  but  the  water  being  15  m  (49  ft.)  deep,  and  because  of  certain  local 
conditions  the  use  of  a  steam  pump  was  very  inconvenient.  A  rapid  solu- 
tion of  the  problem  was  required,  and  the  city  water  works  borrowed  a 
45-h.p.  benzine  motor  and  pump  from  the  fire  department,  which  was 
ordered  by  the  latter,  but  not  yet  accepted.  This  was  lowered  into  the  well. 
The  article  gives  full  data  of  the  rather  unusual  work  of  this  fire  engine 
plant,  from  which  it  is  seen  that  the  plant  worked  every  day  from  August  1 
to  September  17,  from  3^2  to  23  hours  a  day,  delivered  during  that  time 
65,939  cbm  (say  2,320,000  cu.  ft.)  of  water,  and  was  in  first  class  condition 
at  the  end  of  that  period. 

EiN  Behkag  zur  Losung  des  Gasturbinenpboblems,  Lehne.  Die  Tur- 
bine, April  5.  1912.  1  p.,  1  fig.  d.  Cp.  EiN  neuer  VoRSCHiJi^Q  fur  das 
Gasturbinenproblem,  Jos.  Schuch.  Zeits.  fur  Sauerstoff-  und  Stickstoff- 
Industrie,  April  1912.  1^^  pp.  d.  Both  authors  state  that  the  main  difii- 
culty  in  the  design  of  a  successful  turbine  is  the  large  consumption  of  power 


Fig.  3    Caloric  Air  Compressor  for  Gas  Turbines 


required  by  auxiliary  apparatus  for  compressing  the  mixture.  A  new  con- 
struction is  therefore  proposed,  on  the  principle  of  the  caloric  engine,  in 
which  the  compression  of  the  mixture  is  to  be  obtained  by  preheating  the 
air  by  exhaust  gases.  Fig.  3  shows  diagrammatically  the  proposed  con- 
struction :  a  is  a  wheel  provided  with  cells  opening  inside  and  out,  and  re- 
volving in  a  casing  h.  This  casing  is  provided  with  suitably  located  pas- 
sages which  in  connection  with  the  pipes  c  and  d  form  independently  closed 
circuits.  When  the  wheel  is  set  into  rapid  rotation  it  acts  like  a  centrifugal 
blower,  that  is,  the  air  in  the  wheel  flows  outwards,  so  that  the  air  con- 
tained in  each  of  the  cells  is  driven  out  and  replaced  by  the  air  brought  in- 
side the  wheel  by  the  pipes  c  and  d.  The  piping  c  is  heated,  and  d  cooled, 
and  therefore  the  cold  air  goes  from  d  to  the  wheel,  and  from  there  is 
driven  to  c,  where  it  is  heated  and  receives  a  corresponding  increase  of 
volume  or  pressure,  the  latter  allowing  part  of  it  to  escape  through  e,  and 
in  consequence  the  air  entering  the  wheel  from  c  does  not  have  the  same 
specific  weight  that  it  had  before.  Now  when  the  air  is  cooled  to  its  in- 
itial temperature  in  d,  there  is  a  fall  of  pressure  and  an  aspiration  of  out- 
side air  through  /.  The  warm  air  escaping  through  e  goes  to  a  cooler  where 
it  is  cooled  by  decreasing  its  velocity  of  flow.  Theoretically,  by  having  a 
sufficient  number  of  compression  chambers,  any  degree  of  compression  may 
be  obtained.  The  wheel  has  to  supply  only  the  work  required  for  making 
the  air  circulate,  but  the  main  work  of  compression  is  obtained  by  the  ap- 
plication of  the  heat  of  exhaust  gases.    The  author  admits  the  existence  of 
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constructive  difficulties  in  the  execution  of  this  turbine,  such  as  packing  the 
wheel.  It  is  evident  from  the  general  teuor  of  the  article  that  no  such 
turbine  has  ever  been  constructed. 

Die    CHAEAKTEEISTISCHEN     KURVEN    DEB    DlESELMOTOKEN,    A,     BalOg.       Die 

Gasmotorentechnik,  April  1912.  2  pp.,  4  figs.  t.  Discussion  and  method  of 
construction  of  characteristic  curves  for  Diesel  engines.  By  a  character- 
istic curve,  or  simply  characteristic,  the  author  means  a  curve  vrhich,  vphen 
suitably  interpreted,  vv^ould  show  the  limits  of  application  of  an  engine  as 
regards  working  conditions  and  completeness  of  combustion.  In  testing  a 
motor,  attention  is  primarily  directed  to  determining  its  consumption  per 
h.p.-hr.,  fire,  indicated  average  pressure  pi,  and  general  mechanical  efficiency 
of  the  engine.  These  values  are  put  in  the  form  of  a  diagram  with  Ne,  or 
effective  horsepower,  as  abscissae.  If  the  number  of  revolutions  varies,  a 
whole  familv  of  such  curves  is  obtained.   In  Fig.  4  with  pi,  or  average  indi- 
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Fia.  4     Characteristic  Curves  of  a  Diesel  Engine 

cated  pressures  as  ordinates,  the  number  of  revolutions  for  each  set  of  de- 
terminations is  taken  to  be  constant,  so  that  a  separate  pi  curve  is  obtained 
for  each  number  of  revolutions.  On  each  curve  are  marked  the  points 
where  the  values  of  ge,  or  consumption  per  horsepower-hour,  are  equal.  If 
such  corresponding  points  on  all  curves  be  connected,  new  curves,  of  equal 
consumption  per  horsepower-hour,  are  obtained.  These  f/e-constant  curves 
must  of  course  be  closed,  and  cannot  intersect  each  other.  By  testing 
the  average  pressure  pi  and  combustion  coefficient  ge  for  given  speed  of 
rotation,  points  can  be  found  at  which  smoke  in  the  exhaust  gases  appears. 
If  these  points  are  plotted  on  the  pi  curves,  and  connected  with  each  other, 
the  smoke-curve  is  obtained  indicating  the  limit  up  to  which  the  engine 
has  a  practically  complete  combustion.  In  the  same  way  useful  curves  may 
be  drawn  with  ge  as  ordinates;  these  pi-constant  curves  are  also  closed 
curves  which  do  not  intersect.  The  author  claims  that  these  two  sets  of 
curves  can  show  everything  that  is  necessary  to  judge  of  the  efficiency  and 
quality  of  an  engine.  He  gives  in  the  article  two  sets  of  curves  based  on 
the  data  obtained  from  the  tests  of  Diesel  engines  by  Eberle  and  Seiliger. 
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KBAFTGASQfiNEBATOKANLAQE   MIT   WECHSELWEISEM    VEHKOKUJNQSBETBIEB  FUB 

uiTUMiNosE  BKENiNsToi'iE.  11.  L.  Brauulioblc,  April  12,  I'Jli:.  ;j  pp.,  5  tigs. 
d.  Descriptiou  oi  a  power  gun  producer,  puteuted  by  Waugemauu,  and  in- 
\euted  by  ibe  (Jeraiau  eugiiieer  M.  Ziegler,  in  which  bituminous  fuels,  like 
peat,  liguite,  etc.,  arc  treuled  for  yas  and  coke  in  separate  chatnhers  placed 
side  by  side,  aud  always  used  for  tbe  same  purpose  (coutrary  to  auotber 
type  wbere  tbe  cbambers  are  used  alternately  lor  gas  production  and 
coking).  Tbis  arrangement  permits  eitber  of  tbe  use  of  tbe  gases  formed  in 
ibe  bottest  part  of  tbe  gas  producer  cbambers  for  beating  tbe  coking  cbam- 
bers or  of  c-onducting  to  tbe  producer  sbaft  tbe  product  of  incomplete  com- 
bustion from  tbe  coking  cbambers.  Tbe  plant  is  supposed  to  be  used  pri- 
marily in  places  wbere  tbe  demand  for  power  on  tbe  gas  engine  is  inter- 
mittent, as  e.  g.,  in  central  station  work  wben  tbe  demand  for  gas  for  the 
engines  is  small,  and  tbe  plant  is  still  working  at  its  full  capacity,  only 
in  making  coke. 

Tbe  cycle  of  operation  of  sucb  an  installation  is  as  follows :  Tbe  fuel  is 
placed  in  tbe  upper  part  of  a  very  tall  producer  sbaft,  and  entirely  freed 
from  moisture  and  tar ;  tbe  coke  is  tben  further  gasified  in  tbe  lower  part 
of  the  producer.  To  enable  tbe  plant  to  produce  alternately  coke  or  gas, 
suitably  arranged  cbambers  are  so  connected  with  each  other  that  the  gasi- 
fying chambers  are  provided,  above  the  zone  of  incandescence,  with  ducts 
for  the  passage  of  gases,  which  first  heat  tbe  walls  of  the  coking  chamber, 
and  then  pass  into  it.  When  tbe  process  is  reversed,  and  tbe  plant  works 
as  a  feas  producer,  tbe  same  arrangement  permits  tbe  full  utilization  of  the 
products  of  incomplete  combustion  of  the  coking  chamber.  The  article  con- 
tains a  detailed  description  of  tbe  plant  with  drawings.  Tbe  following 
shows  the  output  of  the  plant  as  gas  producer  aud  coking  plant. 

As  a  coking  plant.  It  can  treat  in  three  coking  chambers  600  kg  (1320 
lb.)  of  peat,  with  25  to  30  per  cent  moisture,  and  the  following  production 
per  hour : 

Kg.  Lb. 

Peat  coke 200  440 

Ammonium  sulphate 2.4  5.3 

Methyl-alcohol 1.2  2.6 

Peat-tar 20  44 

Asphalt 20  44 

and  besides,  120  cbm  (4200  cu.  ft.)  of  gas,  with  heating  value  2400  WE/ 
cbm,  or  270  b.t.u.  per  cu.  ft.  In  the  second  coking  an  additional  100  kg 
(220  lb.)  of  peat  is  treated  per  hour,  giving  23  kg  (56  lb.)  of  peat  coke  and 
20  cbm  (say  700  cu.  ft.)  of  gas.  The  producer  and  peat  tar  can  be  further 
treated,  and  give  5  per  cent  benzine,  75  per  cent  Diesel  motor  oil,  and  10 
per  cent  paraflSn. 

As  gas  producer.  Four  gas  producer  cbambers  can  treat  20(X)  kg  (2.2 
tons)  of  peat  with  25  to  30  per  cent  moisture;  1000  kg  (2200  lb.)  of  such 
peat  with  about  1  per  cent  nitrogen  give  about  2000  cbm  (say  75600  cu.  ft.) 
of  gas,  with  heating  value  1200  WE  per  cbm  (say  136  b.t.u.  per  cu.  ft.). 
Since  a  large  gas  engine  requires  about  2.5  cbm  (88  cu.  ft.)  of  such  gas  per 
h.p.-hr.,  the  amount  of  gas  produced  is  sufficient  for  IfiOO  h.p.  or  1176  kw. 
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As  by-products  about  40  kg   (88  lb.)   of  ammonium  sulphate,  and  20  kg 
(44  lb.)  of  producer  tar  are  obtained. 

Gassogeno  pee  gas  povero  a  combustione  bovesciata.  L.  Jacobitti. 
UElettricista,  April  15,  1912.  3  pp.,  1  fig.  d.  Description  of  a  new  gas 
producer  invented  by  the  author  of  this  article.  The  fuel  is  charged  through 
suitably  arranged  hoppers  from  above.  Immediately  below  the  charging 
space  is  the  combustion  zone  provided  with  an  inclined  grate;  the  fuel  is 
burned  in  a  restricted  space  at  a  high  heat  with  the  admission  of  air  and 
steam.  The  gases  being  drawn  downwards,  have  to  pass  a  second  incan- 
descent zone  with  the  grate  inclined  at  an  angle  of  90  deg.  to  the  grate  in 
the  first  zone,  and  then  a  third  zone,  with  the  grate  parallel  to  that  in  the 
first  zone,  where  all  the  carbon  dioxide  is  reduced  to  carbon  monoxide.  On 
coming  out  from  this  part  of  the  producer,  the  gas  presumably  consists  of 
hydrogen,  nou-condensible  hydrocarbons  rich  in  hydrogen,  carbon  monoxide 
and  nitrogen.  The  amount  of  steam  required  for  this  producer  is  said  to 
be  very  small.  The  main  peculiarities  of  this  producer  are:  the  gases  travel 
downward  just  as  the  fuel ;  the  products  of  distillation  have  to  pass  through 
the  whole  mass  of  incandescent  material  which  results  in  the  complete  com- 
bustion of  the  coal  previously  freed  from  all  volatile  constituents ;  the  coke 
required  for  the  reduction  is  furnished  by  the  upper  part  of  the  producer 
itself. 

Machine  Design  and  Macliiue  Parts 

Rapport  sur  les  Coubboies  "  Than  "  en  cuir  abm^  systIime  Maqaldi, 
L.  Masson.  Bulletin  de  la  8oci^t6  d' Encouragement  pour  Vindustrie  na- 
tionale,  March  1912.  13  pp.,  12  figs.  dg.  Description  and  general  discus- 
sion of  the  Titan  belts,  based  on  data  furnished  by  the  manufacturers. 
These  belts  are  made  of  thongs  of  leather  connected  into  strips  of  equal 
breadth,  the  strips  in  their  turn  being  interconnected  in  pairs  by  staggered 
metal  members.  It  is  claimed  that  such  a  belt  forms  no  air  cushion,  is  very 
strong  and  flexible.    No  data  of  tests  are  reported  in  the  article. 

La  lubrificazione  delle  machine  utensili,  G.  Kinder.  Vlndustria, 
March  31,  1912.  1  p.,  2  figs.  p.  Inefficient  lubrication  in  machine  tools  is 
the  principal  cause  of  their  rapid  decay.  It  is  the  secondary  parts  which 
get  out  of  order  most  easily,  chiefly  because  the  main  parts  are  provided 
with  sufficient  and  continuous  lubrication,  while  the  secondary  parts  are 
left  to  be  lubricated  by  the  workman  squirting  oil  through  a  hole  in  the 
frame  from  time  to  time.  But  the  hole  becomes  clogged  vpith  dirt,  and  the 
workman,  who  does  not  possess  now  that  love  of  his  machine  which  made 
him  formerly  anxious  to  keep  it  in  good  order,  is  apt  to  let  it  run  dry,  and 
spoil  it.  That  did  not  matter  much  as  long  as  the  speeds  were  low,  and 
power  small,  but  is  a  very  important  factor  under  the  present  conditions. 
Some  American  manufacturers  are  beginning  to  construct  machine  tools 
with  automatic  lubrication  throughout,  but  this  practice  is  not  yet  as  gen- 
eral as  it  ought  to  be. 

Machine  Shop 

Fbaiseuse  horizontale,  p.  B.  Portefeuille  ^conomique  des  machines, 
April  1912.    2  pp.,  7  figs,  and  1  plate  of  drawings,    d.    Description,  with  de- 
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tailed  drawiugs,  of  a  milling  machine  constructed  by  the  Soci6t6  Frangaise 
des  Constructions  inScaniques,  of  Denain,  France.  This  machine  is  de- 
signed to  worli  any  surface  independent  of  its  shape  or  size.  It  has  a  cut- ' 
ter  rotating  about  a  horizontal  axis  parallel  to  the  plane  of  the  machine, 
and  cut  either  from  one  block  of  special  steel,  or  made  in  parts  with  in- 
serted teeth,  and  either  cylindrical,  or  of  irregular  shape.  The  use  of  such 
a  cutter  permits  not  only  of  cutting  over  the  whole  surface,  but  of  taking  a 
very  deep  cut,  and  giving  at  once  the  desired  shape  to  the  surface  milled. 

PLAQUES-RESSORTS,    pour    PRfiVENIB    LE    DESSERAGE    DES    PIECES    ASSEMBLIES 

PAR  BOULONS.  Le  O^nie  Civil,  March  30,  1912.  d.  These  washer-springs 
(Fig.  5)  are  made  of  three  pieces  of  spring  steel  welded  together  in  the 
form  of  a  triangle  with  a  hole  inside  just  large  enough  to  let  the  bolt  pass, 
but  without  giving  it  much  play.  They  very  strongly  resist  all  tendency  of 
the  bolt  to  get  loose,  and  J.  Reiss  found  that  it  required  a  power  of  1500  kg 
(3300  lb.)  to  flatten  a  washer  weighing  only  55  g  (1.2  lb.). 

Die  Theobie  des  Schweissens  von  Stahl  und  ihre  praktische  Anwend- 
UNG.  Max  Bermann.  Zeits.  des  Vereines  deutscher  Ingenieure,  March  30, 
1912.    7  pp.,  14  figs.    etA.    An  attempt  to  construct  the  whole  art  of  weld- 
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ing  on  the  basis  of  the  theory  that  the  metallic  contact  of  the  smallest 
particles  constituting  the  surfaces  welded  together  is  achieved  through  the 
reducing  action,  at  the  temperature  of  welding,  of  the  constituent  parts  of 
steel. 

The  welding  properties  of  steel  are  above  all  affected  by  the  carbon  con- 
tent :  the  greater  the  carbon  content,  the  less  weldable  is  the  steel,  and  it 
becomes  entirely  unweldable  when  the  carbon  content  passes  a  certain 
limit;  in  the  last  case  the  reducing  agents  available  are  not  sufficient  to 
reduce  all  the  oxides  present,  and  the  steel  flies  to  pieces  when  hammered 
at  a  white  heat.  When,  as  happens  sometimes,  wrought  iron  behaves  like 
hard  unweldable  steel,  it  means  simply  that  under  some  favorable  condi- 
tions it  became  case-hardened  and  so  converted  into  hard  steel.  Man- 
ganese improves  the  welding  properties  of  steel,  but  only  when  present  as 
free  manganese  or  a  carbide,  but  hinders  it  when  present  in  the  form  of 
manganese  oxide.  Silicon  favors  welding  by  reducing  the  manganese  oxide, 
and  raising  the  temperature  of  welding.  Phosphorus  in  small  amounts 
helps  to  maintain  the  high  temperature  required  for  welding,  and  thus 
cooperate  with  silicon. 

The  temperature  of  welding  is  the  highest  temperature  at  which  steel  is 
still  malleable.    The  pressure  required  for  cohesion  at  the  temperature  of 
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welding  is  slight,  but  after  the  cohesion  has  been  effected,  the  blows  or 
pressure  on  the  two  pieces  must  be  considerable,  in  proportion  to  the  size 
of  the  pieces  and  area  of  surfaces  welded. 

The  article  contains  also  some  practical  hints  for  welders,  and  a  detailed 
discussion  of  autogenous  welding. 

EiNE  VOKBICHTUNG  ZUM  PrESSEN  VON  ROHREN  UNO  GLEICHZEITIGEM  UEBEB- 
ZIEHEN  IHRER  INNENWANDUNG  MIT  EINEM  ANDEREN  MeTALL.      Metall-Technik, 

March  30,  1912.  Y^  Pv  1  fig-  ^-  Description  of  a  process  patented  in  Ger- 
many by  the  Felten  &  Guillaume  Carlswerk  Co.  of  Carlswerk  in  Miihl- 
heim  a.  Ruhr,  Germany,  for  covering  the  inner  surface  of  a  pipe  with,  a 
metal  at  the  time  of  making  the  pipe  itself.  As  shown  in  Fig.  6,  c  is  a 
conical  die  provided  with  a  hollow  mandrel  c,  over  which  the  lead  mass  b 
is  pressed  into  a  pipe  I)'.  The  mandrel  c  engages  into  the  die  d  the 
inner  diameter  of  which  determines  the  outer  diameter  of  the  pipe  I)'.  On 
the  hollow  mandrel  c  is  made  a  groove  e  connected  with  the  inside  of  the 
mandrel  by  radial  chanuels  /.    The  fluid  metal  with  which  it  is  proposed  to 
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cover  the  inside  of  the  pipe  is  driven  under  high  pressure  into  the  hollow 
mandrel,  and  being  thrown  with  considerable  force  through  the  ducts  i, 
uniformly  covers  the  inner  surface  of  the  pipe.  Since  at  the  time  of  the 
formation  of  the  pipe  it  presents  an  absolutely  clean  metallic  surface,  and 
the  mandrel  prevents  all  access  of  air,  the  two  metals  unite  under  the  most 
favorable  conditions.  The  thickness  of  the  metal  cover,  say  tin,  may  be  reg- 
ulated by  varying  the  depth  of  the  groove  e.  This  process  may  be  applied 
to  the  manufacture  of  pipes  of  any  length  provided  the  pipe  is  made  of 
metal  that  can  be  drawn. 

IVIecbanlcs 

SuR  LE  TEMPS  DE  DEMARRAGE  DES  MOTEURS  A.  VOLANT,  Ch.  Reignier.  Comptes 
rendus  de  I'Academie  des  Sciences,  March  18,  1912.  2|  pp.,  t.  The  author 
shows  mathematically  that  the  time  9  for  starling  a  motor  with  a  flywheel  (i.  e.  for 
bringing  its  speed  of  rotation  from  zero  up  to  its  normal  speed  V)  cannot  be  less 
than  a  certain  definite  minimum  for  each  particular  case,  or  there  will  be  danger 


FOREIGN    REVIEW  963 

of  hroakinp;  llic  arms  of  (he  nywhccl,  or  the  shaft  of  (he  motor.  He  further  sliows 
(hat  if  (he  curve  of  starting  (he  motor  is  a  simple  lialf  sinusoid,  the  arms  of  the 
flywheel  are  subjected  to  maximum  tension  at  the  end  of  a  time  p  shorter  than  6, 
i.  c.  before  the  motor  reaches  its  normal  speed.  The  author  applies  his  method 
(()  the  calculation  of  the  stress  in  the  arms  of  a  flywheel  of  14,000  kg  (say  31,000 
lb.)  weight  of  rim,  on  a  275-h.p.  engine,  at  various  moments  between  0  and  6, 
from  the  time  of  starting. 

ZuK  Theorie  der  Reibung  geschmiekter  Maschninenteile,  L.  Ubbelohdc. 
Petroleum,  April  17,  1912.  6  pp.,  5  figs.  elA.  Investigation  of  friction  in  lubri- 
cated machine  parts.  The  author  in  the  first  place  proves  that  the  wetting  of 
journals  and  bearings,  and  the  dimensions  of  the  angle  of  contact  are  of  the 
greatest  importance  in  determining  the  lubricating  qualities  of  a  fluid.  He  thus 
introduces  the  consideration  of  capillarity.  The  lubricating  oil  forms  between 
(he  bearing  and  journal  a  thin  layer,  the  behavior  of  which  may  be  investigated 
by  means  of  two  watch  glasses.  If  a  drop  of  oil  is  placed  in  one  glass,  and  an- 
o(her  glass  of  somewhat  greater  curvature  pressed  above  it,  the  oil  film  may  be 
made  as  thin  as  desired;  but  if  we  try  to  do  the  same  thing  with  a  drop  of  mer- 
cury, it  will  jump  out  on  one  side  and  let  the  ail'  in  on  the  other.    The  explanation 


Fig.  7     Mercury  Drop  Under  Pressure  between  Two  Watchglasses 

of  (his  phenomenon  may  be  found  by  considering  the  surface  tension  at  a  and 
b  (Fig.  7),  supposing  that  for  some  reason  the  distribution  of  the  mercury  is  not 
uniform  throughout,  but  that  the  space  at  h  is  narrower  than  at  a.  Since,  how- 
ever, the  angle  of  contact  is  practically  equal  at  both  places,  the  radius  of  curva- 
ture at  h  must  be  smaller,  and  the  pressure  exerted  by  the  upper  glass  greater 
(han  at  a;  the  meniscus  at  h  therefore  drives  the  mercury  to  the  left  sufficiently 
(o  overcome  the  pressure  at  a.  The  mercury  appears  to  have  a  "horror  of  nar- 
row places."  In  the  case  of  a  fluid,  such  as  oil,  wetting  the  surrounding  walls, 
an  opposite  phenomenon  takes  place,  because  (Fig.  8)  in  the  more  curved  place 
at  h  the  hquid  is  also  subjected  to  a  suction  to  the  right  which  acts  until  the 
liquid  is  uniformly  distributed  in  the  narrowest  place.  In  other  words,  the  wetting 
liquid  strives  to  fill  the  narrowest  place,  and  this  effort  is  so  strong  that  under 
certain  circumstances  the  Uquid  prevents  the  contact  of  the  two  contiguous 
surfaces.  If  there  are  air  bubbles  in  the  liquid,  their  behavior  depends  on  the 
character  of  the  liquid.  In  mercury  they  are  driven  into  the  narrowest  space, 
in  oil  they  are  driven  away  from  it. 

Since,  further,  the  capillary  forces  in  the  case  of  very  thin  films  act  with  great 
strength,  it  follows  that  in  using  as  lubricants  liquids  which  do  not  wet  the  lubri- 
cated surfaces,  there  can  never  be  any  certainty  that  there  is  a  liquid  between 
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the  rubbing  areas.  There  is,  on  the  contrary,  reason  to  beheve  that  there  will 
be  no  liquid  between  them,  and  liquids  which  do  not  wet  the  surfaces  in  friction 
must  not  be  used  as  lubricants.  Fig.  9  shows  the  apparatus  used  by  the  author 
for  investigating  the  capillarity  of  lubricants.  It  consists  of  two  metal  rings 
with  watch  glasses  in  them,  and  screws  for  bringing  the  rings  more  or  less  to- 
gether, thus  varying  the  pressure  on  the  lubricant. 

The  author  shows  further,  partly  by  a  dis(!ussion  of  former  experiments,  partly 


Fia.  8     Oil,  Drop   Undek  Preshuke  between  Two   Watchglasses 

by  reference  to  his  own  observations,  that  (he  external  fridion,  that  is,  the  friction 
between  the  liquid  and  the  contiguous  solid  surface,  is  independent  of  the  degree 
of  wetting  and  of  the  angle  of  contact,  but  has  always  to  be  accepted  as  being 
infinitely  large,  since  all  liquids  adhere  to  all  solid  substances.  External  friction 
may  therefore  be  neglected  altogether  in  deriving  the  hydro-dynamic  resistance 
in  lubricated  machine  bearings,  and  only  the  viscosity  of  the  liquid  has  to  be 
considered.  The  author  shows  further  that  the  deductions  made  from  the  ex- 
periments of  Claudy  on  the  properties  of  lubricants  are  erroneous,  that  there  is 
no  need  for  such  a  thing  as  the  coefficient  of  adhesion  derived  by  Claudy;  that 
what  Claudy  called  "capillary  viscosity"  is  nothing  but  the  viscosity  of  the 
liquids  as  compared  with  that  of  water,  and  that  the  specific  viscosities  of  the 


Fig.  9     Ubbelohde  Apparatus  for  Testing  the  Capillarity  of  Lubricants 


liquids  agree  better  with  Claudy 's  capillary  viscosities  than  the  latter  do  with 
each  other. 

The  article  contains  also  a  discussion  of  the  physical  theory  of  friction  between 
solids  and  between  solids  and  liquids.    It  is  to  be  continued. 

Die  Bkrtran-Kette.  Der  praktische  Maschinen-Konstrukicur,  April  2.5,  1912. 
1  pp.,  6  figs.    d.     Description  of  a  new  type  of  silent  chain  called  the  Bertran 
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chain,  consisting  of  articulated  members  so  arranged  that  in  a  certain  position 
the  chain  ads  as  a  rigid  rod.    In  Fig.  10,  1  and  2  show  the  form  of  the  links.    In 
3  and  4  the  joint  guides  d  and  couphng  b  arc  shown  engaging  in  the  pin-holes  c, 
which  makes  the  chain  perfectly  rigid. 
steam  Eafflneerlng 

Die  Bekechnung  dee  Dampfturbinen  mit  Hilfe  des  spezifischen  Ge- 
FALLES,  Guido  Zerkowitz.  Zeits.  fur  das  gesamte  Turbinenivesen,  March  20  and 
30  and  April  10,  1912.  10  pp.,  10  figs.  tA.  The  author  shows  how  a  steam  tur- 
bine can  be  designed  on  the  basis  of  a  few  auxiliary  constants,  particularly  the  specific 
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Fig.  10     The  Bertran  Silent  Chain 


drop  k  and  mean  square  of  peripheral  speed.  Among  other  things,  in  all  cases 
with  these  constants  the  number  of  stages  may  be  calculated,  and  all  turbo- 
machines  may  be  classified  according  to  their  specific  drop  k  ("the  number  of 
stages  in  different  systems  are  related  to  each  other  directly  as  the  'specific  sum 
of  squares'  (spezifische  Quadratsumme) ,  or  inversely  as  the  mean  value  of  the 
specific  drop."  The  author  introduces  the  conception  of  specific  sum  of  squares, 
equal  to  the  reciprocal  of  the  mean  specific  drop,  as  relating  to  the  whole  turbine, 
while  specific  drop  as  such  may  vary  from  stage  to  stage).  There  is  further  a 
connection  between  the  specific  drop  and  the  efficiency  of  the  turbine  17.  The 
specific  drop  remains  constant  as  long  as  the  efficiency  is  constant.  As  regards 
actual  efficiency  the  author  points  out  that  the  influence  of  mechanical  losses 
such  as  imperfect  joints  is  of  more  weight  in  small  installations  than  in  large 
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ones,  and  that  is  the  most  important  reason  why  small  turbines  are  compara- 
tively uneconomical.  In  the  case  of  water  turbines  and  pumps  the  specific  drop 
is  also  a  constant,  characterizing  the  behavior  of  the  engine,  and  it  is  not  correct 
to  compare  pumps  on  the  basis  of  available  pressure  heads,  since  by  doing  so 
the  dimensions  of  the  engine  and  its  speed  of  rotation  are  left  out  of  considera- 
tion. 

In  the  second  part  of  the  article  the  author  applies  his  method  to  the  designing 
of  a  steam  turbine  with  given  specific  drop  and  mean  square  of  peripheral  speed, 
as  well  as  to  recalculation  of  actual  installations  on  the  basis  of  tests  by  Pro- 
fessors Stodola  and  Lewicki. 

Turbo-Kesselspeisepumpe.  Dinglers  polyLechnisches  Journal,  April  20,  1912. 
2^  pp.,  3  figs.  d.  Describes  a  turbine-driven  feed-water  pump  built  by  the 
German   General  Electric   Company.      It   is   a  single-stage   centrifugal   puniji 


Fig.  11     Tdrbine-Driven  Feed  Water  Pump  of  the  German  General  Electric  Company 


capable  of  delivering  water  at  a  pressure  up  to  25  atmospheres.  The  driving 
turbine  shaft  (Fig.  11)  lies  on  two  bearings  which,  together  with  the  lower  half 
of  the  turbine  casing  and  the  bearing  casings,  form  part  of  one  bed-plate,  fixed 
flange-like  at  the  admission  side,  and  carrying  also  the  pump  casing,  with  the 
safety  governor  located  in  a  casing  between  the  pump  and  the  turbine.  The 
governing  of  the  pump  is  so  arranged  that  the  water  pressure  remains  nearly 
constant,  and  the  number  of  revolutions  is  automatically  regulated  in  accord- 
ance with  the  demand  for  water.  This  is  (effected  by  means  of  a  differential 
I)iston  moving  in  a  special  casing,  and  having  one  of  its  sides  acted  on  by  the 
steam  pressure  from  the  throttling  valve  or  direct  from  the  boiler,  and  the  other 
side  open  to  the  pump  pressure.  Both  pressures  must  be  equal,  and  should  the 
pump  pressure  be  greater,  the  piston  will  be  forced  away  from  it,  and  act  on  the 
throttling  valve  in  such  a  way  as  to  change  the  speed  of  rotation  of  the  turbine. 
When  the  pump  pressure  falls  off,  th(!  steam  pressure  forces  the  piston  back,  the 
(hroltling  valve  opens,  and  (he  spe(>d  of  the  turbine  goes  up. 
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The  pump  is  single  stage,  with  an  overhung  wheel  set  on  the  extension  of  the 
turbine  shaft.  The  water  enters  the  wheel  axially,  and  is  carried  along  pressure 
vanes  disposed  sidewise  along  the  spirally  shaped  casing  of  the  pump.  The  tur- 
bine stufFmg-boxes  are  simple  and  are  made  of  special  steel  set  direct  on  the 
shaft,  and  provided  with  grooves  for  packing.  The  following  advantages  are 
claimed  for  this  pump:  small  space  required;  low  initial  cost;  practically  no  at- 
tendance requu'ed;  absolute  equalization  of  pressure  in  the  pump;  noiselessness 
and  reliability  of  operation;  automatic  regulation  of  the  speed  of  the  turbine  in 
accordance  with  the  demand  for  water.  The  pump  can  work  in  parallel  with  a 
plunger  pump,  or  the  two  may  be  connected  in  such  a  way  that  one  begins  to 
work  as  soon  as  the  other  is  overloaded. 


Fig.   12     Various  Arrangements  of  Adjusting  Devices  in  Connecting  Rod  Heads  and 

Crossheads 


Die  Anordnung  der  Nachstellvorrichtungen  in  Schubstangen-  und 
Kreuzkopfrn,  a.  Wildometz.  Der  praktische  Maschinen-Konslrukleur,  April 
11,  1912.  2  pp.,  8  figs.  t.  Exposition  of  the  methods  of  installing  adjusting 
devices  for  connecling  rod  heads  and  crossheads.  The  requirement  for  a  correct 
adjustment  is  that  it  should  not  change  the  dead  centers  of  the  piston  with 
respect  to  the  cylinder.  Table  2  and  Fig.  12  show  how  the  adjustment  affects 
the  length  of  the  connecting  rod  and  the  position  of  the  piston.  The  length  of 
the  connecting  rod  L  is  measured  as  the  distance  from  the  center  of  the  crankpin 
to  the  center  of  the  crosshead  pin.  The  external  brass  (i.  e.,  the  one  lying  beyond 
the  length  L,  or  outside  of  the  two  pins)  is  designated  by  a,  the  internal  by  i. 
The  arrow  pointing  to  the  right  indicates  the  displacement  of  the  piston  towards 
the  crankshaft,  the  other  arrow  its  displacement  in  the  opposite  direction. 
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Connecting  rods  ivilh  closed  heads  at  both  ends.  In  1  is  shown  a  connecting  rod 
with  heads  as  indicated.  If  tlie  head  I  requires  an  adjustment  owing  to  the 
brasses  a  and  i  being  worn,  the  brass  i  will  have  to  be  brought  closer  to  the 
crankjiin  (which  is  considered  fixed),  and  therefore  the  head  I  will  move  to  the 
right,  and  draw  after  it  the  crosshead  and  piston,  which  in  its  turn  .vill  lead  to 
shortening  of  the  rod  and  displacement  of  the  piston  towards  the  crankshaft. 
Should  an  adjustment  of  the  brasses  be  made  in  head  IV  a  will  approach  the 
crosshead  pin,  the  rod  will  be  lengthened,  and  the  piston  moved  from  the  crank- 
shaft. Therefore  the  change  in  the  length  of  the  connecting  rod  produced  by 
adjusting  the  brass  i  in  head  I  can  be  at  least  partly  compensated  for  by  the 
adjustment  of  the  brass  a  in  head  IV,  and  if  both  these  brasses  have  worn  equally, 
the  length  of  the  connecting  rod  and  position  of  the  piston  will  not  vary  at  all. 
The  same  would  happen  with  the  connecting  rod  shown  in  5.  But  if  the  rod  had 
on  one  side  head  I,  as  in  1,  and  on  the  other  side  head  V,  as  in  5,  an  adjustment 

TABLE  2     CROSSHEAD  AND  CONNECTING-ROD  HEAD  ADJUSTMENT 


Kind  of 
Head 

No. 

Form  of  Head 

L  after  Adjust- 
ment 

Place-Displace- 
ment of  Piston 
in  Adjustment 

I 

II 
III 

IV 
V 
VI 

VII 
VIII 
IX 

Closed  head,  external  adjustment 
Closed  head,  internal  adjustment 
Open  head,  internal  adjustment 

o 

i 

o 

i 

Connecting- 
rod  head 
crankshaft 

> 

A  II   A 

0 
0 

0 

side 
Connecting- 
rod  head, 
crosshead 

Closed  head,  internal  adjustment 
Closed  head,  external  adjustment 
Open  head,  internal  adjustment 

Closed  head,  internal  adjustment 
Closed  head,  external  adjustment 
Open  head 

> 

< 

< 

0 
0 

0 

side 
Crosshead 

= 

= 

0 

0 
0 

of  both  inner  brasses  would  make  the  rod  shorter,  and  doubly  displace  the 
piston  towards  the  crankshaft.  Equally  unsatisfactory  would  be  the  case  of  a 
riMJ  i)rovided  with  heads  II  and  IV,  as  can  be  seen  from  the  table.  This  permits 
of  a  general  rule  of  having  in  rods  ivith  closed  heads  at  both  ends  the  adjusting  devices 
ahvays  on  the  same  side  of  both  ]>ins. 

Connecting  rod  ivilh  closed  head  on  the  crank  side  and  forked  end  in  closed  cross- 
head.  In  this  form  the  crossh(>ad  pin  is  placed  in  the  fork-shaped  end  of  the 
conne(^ting  rOd,  with  the  brass(!s  and  adjusting  devices  in  the  cros.shead  itself; 
the  adjustment,  whether  external  or  internal,  does  not  therefore  affect  the  length 
of  the  connecting  rod,  but  there  can  be  a  displacement  of  the  piston,  towards 
the  crankshaft  in  case  VII,  and  the  other  way  in  case  VIII.  In  order  therefore 
that  the  piston  should  not  change  its  dead  centers,  the  connecting  rod  with 
closed  head  and  external  adjustment  must  connect  with  a  closed  crosshead  with 
external  adjustment,  as  shown  in  the  upjier  part  of  2,  but  the  arrangement  in 
the  upper  part  of  G  is  also  (correct,  because  there  the  connecting  rod  has  an  in- 
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tcnial  adjiisdiKMit.  Aii  iiiteivsl  iiifj;  feature  of  llies^c  two  correct  arrangements 
is  that,  provided  the  wear  of  the  brasses  is  equal  at  both  ends,  there  is  no  dis- 
placement of  the  piston  owing  to  adjustments,  even  though  there  may  be  a 
change  of  length  L.  The  following  general  rule  therefore  holds  good  for  this 
class  of  coimecting  rods:  in.  cntnicclitig  rods  with  closed  head  on  the  crank  side,  and 
fork--shapcd  end  of  connecting  rod  in  closed  crosshead,  the  adjusting  devices  must  be 
on  different  sides  of  the  pins,  but  both  either  external  or  internal. 

From  the  table  and  4  it  may  be  seen  that  in  connecting  rods  -with  open  htad,  and 


Fig.   13     Maneby  Safety  Valve 


crosshead  pin  in  closed  crosshead,  the  adjusting  device  in  the  crosshead  must  always 
be  external. 

Connecting  rod  with  open  head  on  the  crank  side,  and  closed  head  on  the  crosshead 
side.  As  seen  from  the  table,  the  upper  arrangement  in  8  is  correct  because  an 
adjustment  does  not  produce  either  change  of  length  of  rod  or  displacement  of 
the  piston,  as  would  be  the  case  with  the  lower  adjustment:  the  adjusting  devices 
must  therefore  always  be  internal. 

Connecting  rod  with  both  heads  open  must  not  be  used  at  all,  because  both  III 
and  VI  produce  shortening  of  the  rod  and  displacement  of  the  piston  towards 
the  crankshaft.    The  arrangement  shown  in  7  is  also  bad,  because  the  crosshead 
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and  piston  rod  are  forged  in  one  piece;,  and  an  adjustment  produces  disi)Iacement 
of  the  piston  towards  the  crankshaft. 

The  above  may  be  expressed  in  the  following  four  general  rules:  (a)  with 
closed  heads  external  adjustment  produces  lengthening,  internal  shortening  of 
the  rod;  (6)  with  open  head  internal  adjustment  produces  shortening  of  the  rod; 
(c)  with  closed  crosshead  internal  adjustment  produces  a  displacement  of  the 
piston  towards  the  crankshaft,  external  in  the  opposite  direction;  (d)  adjustment 
of  the  brasses  in  an  open  crosshead  produces  displacement  of  the  piston  towards 
the  crankshaft. 

SOUPAPE  DE  S^KETE,  SYSTEME  MaNEBY,  A  CHARGE  REDUITE  ET  A  flCHAPPEMENT 

PROGRESsiF.  Le  Genie  Civil,  March  30,  1912.  h  p.,  2  figs.  d.  Description  of  a 
new  safely  valve  designed  by  a  Swiss  engineer  Maneby,  and  built  on  the  principle 
of  making  the  steam  act  on  a  narrow  annular  strip,  so  that  a  very  light  load  is 
sufficient  to  counteract  the  boiler  pressure.  The  two  seats  (Fig.  13)  are  placed 
horizontally,  and  connected  by  guide  vanes  n  with  the  main  seat  H,  so  as  to 
form  practically  one  piece  with  (he  guide  block  g  on  the  cylindrical  part  of 
which  rests  the  valve  C.  Equalization  of  partial  vacuum  is  effected  by  the  re- 
action of  the  exhaust  steam  which  strikes  the  inner  curved  surface  of  the  bell 
S  forming  part  of  the  valve,  but  adjustable  as  to  height.  The  following  advan- 
tages are  claimed  for  this  safety  valve :  (a)  the  load  which  must  act  on  the  spring 
at  the  moment  of  the  opening  of  the  valve,  so  as  to  balance  the  boiler  pressure, 
is  reduced  to  one-fourth  or  one-sixth  of  that  usually  required;  (&)  the  partial 
vacuum  produced  at  the  moment  of  the  opening  of  the  valve  is  compensated  for 
by  the  reaction  of  the  exhaust  steam  striking  the  inner  curved  surface  of  the 
bell  S,  so  that,  with  the  amount  of  steam  under  this  bell  increasing  as  the  valve 
rises,  its  rise  is  effected  gradually  until  the  end  of  its  path,  but  as  soon  as  the 
excessive  pressure  is  relieved,  the  valve  as  gradually  and  without  shock  comes 
back  onto  its  seat;  (c)  owing  to  the  great  output  of  these  valves,  their  section  of 
orifice  need  be  only  about  one-third  of  that  formerly  adopted  by  the  French 
practice,  which  permits  of  smaller  dimensions  and  considerably  lower  cost  of  the 
apparatus. 

EXAMEN  DES  RECHERCHES  DE  M.  ArMAND  DuCHESNE  SUR  LES  PROPRi:fiTES  DE 

LA  vapeur  d'eau  sttrchauffee,  V.  Dwelshauvers-Dery,  Revue  de  micanique, 
March  31,  1912.  20  pp.,  14  figs.  clA.  Account  of  the  experimental  work  on  the 
properties  of  superheated  steam  by  A.  Duchesne  at  the  Laboratory  of  the  Univer- 
sity of  Liege.  Duchesne  used  a  special  thermoelectric  pyrometer  invented  by 
himself  and  called  a  Hypertherniometer,  consisting  of  (Fig.  14)  very  fine  (0.028 
mm.  in  diameter)  silver  and  platinum  wires  joined  respectively  to  heavy  wires 
of  the  same  metal  Ag  and  Pt,  so  that  thermoelectric  couples  were  formed  only 
at  the  points  where  the  fine  wires  were  soldered  together.  The  current  was 
measured  by  a  sensitive  balUstic  galvanometer,  and  a  special  arrangement  in- 
stalled to  place  the  galvanometer  in  circuit  only  for  a  desired  length  of  time, 
e.g.,  1/10  of  a  second.  The  deflection  of  the  galvanometer  would  then  show  the 
average  temperature  during  that  1/10  of  a  second.  By  means  of  this  hyperther- 
mometer  Duchesne  found  that  only  saturated  steam  has  a  definite  temperature 
for  a  given  pressure,  and  the  same  temperature  for  all  points.  In  superheated 
steam  there  may  be  different  layers  at  different  temperatures,  and  there  may 
even  be  points  where  the  steam  is  saturated.    He  further  found  that  in  measuring 
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the  temperature  of  superheated  steam  the  mercury  oil-bath  thermometer  is  very 
unrehable.  He  found  tliat  there  was  a  difference  between  the  temperature  as 
indicated  by  the  hyperthermometer  and  that  indicated  by  the  mercury  ther- 
mometer in  an  oil  bath  as  high  as  85  deg.  cent.  (153  deg.  fahr.)  at  low  pressure 
(17,084  kg/qm,  or  24.2  lb.  per  sq.  in.),  falling  to  43  deg.  cent.  (78  deg.  fahr.)  at 
the  pressure  of  6(3,930  kg/qm,  or  95  lb.  per  sq.  in.  In  general  he  believes  that 
in  many  cases  where  the  temperature  has  been  measured  by  the  mercury  ther- 
mometer in  an  oil  bath,  the  temperature  of  superheat  is  much  higher  than  the 
measurement  would  indicate.  Where  a  hyperthermometer  cannot  be  used,  an 
ordinary  mercury  thermometer  placed  direct  in  the  steam  will  show  the  tem- 
jierature  with  a  correctness  sufficient  for  most  practical  purposes. 

As  regards  the  law  of  compressibility,  Duchesne  establishes  the  following  prop- 
osition:  for  a  given  pressure,  beyond  a  certain  limit  of  temperature,  superheated 


Fig.    14     Duche.sne   Thermoelectric   Hyperthermometer    for    Measuring   the    Average 
Temperature  of  Steam 


steam  obeys  the  law  of  Gay-Lussac,  that  is,  at  a  constant  pressure  the  product 
qw'  is  proportional  to  the  absolute  temperature  T.  Below  this  limit,  down  to  the 
temperature  of  saturation,  the  law  of  compressibility  is  represented  by  a  curve 
which  has  a  point  of  inflection,  and  of  which  the  form  corresponds  fairly  well  to 
a  complete  equation  of  the  third  degree.  A  general  characteristic  of  superheated 
steam  is  that  as  the  pressure  increases,  all  its  properties  become  independent  of 
the  pressure,  and  vary  only  as  a  function  of  the  temperature. 

The  article  contains  also  a  full  discussion  of  the  variation  of  the  specific  heat 
of  superheated  steam. 

KuAFTERZEiouNG  UND  Warmasserbe.reitung,  L.  Schneider.  Dinglers  poly- 
lechnischis  Journal,  April  20,  1912.  4  pp.,  12  figs.  c.  Discussion  and  com- 
parison of  various  methods  of  combining  steam  power  with  steam  heating.  The 
author  concludes  that  tlie  most  economical  method  is  to  take  the  steam  from 
the  receiver  of  a  compound  engine.  Cp.  the  article  on  the  same  subject  by 
Lecuir,  The  Journal,  May,  1912,  p.  789. 

Ntrenj^tli  of  materials  aud  ITIaterialM  of  Construction 

BiRGUNGRVERSucHE  AN  GussEisEHNEN  Staben,  R.  Schottler.  Zeits.  iles 
Vereines  deulscher  Ingenieure,  March  2  and  9,  1912.  12  pp.,  29  figs.  eA.  From 
an  experimental  investigation  of  bending  of  cad-iron  bars,  the  author  concludes : 
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that  the  property  of  having  the  apparent  transverse  strength  consider- 
ably higher  than  the  tensile  strength  is  not  peculiar  to  cast  iron  alone. 
There  are  other  tough  materials  in  which  at  bending  there  arise  apparent  stresses 
greater  than  the  tensile  strength  of  the  material. 

As  far  as  elasticity  is  concerned,  cast  iron  shows  a  very  irregular  behavior,  due 
probably  to  irregular  cooling  when  being  cast.  This  irregularity  of  behavior 
obscures  the  experimental  data  to  such  an  extent  that  reliable  conclusions  can 
be  obtained  only  in  rare  cases,  especially  if  the  span  and  load  have  been  small. 

Coefficients  of  elasticity  obtained  fi"om  tests  with  specially  cast  test  pieces 
must  not  be  apphed  to  the  design  of  cast-iron  structures.  Stresses  taking  place 
in  bent  bars  carrying  less  than  safe  load  differ  from  stresses  calculated  in  the 
usual  manner,  but  are  by  no  means  in  the  same  ratio  to  them  as  tensile  strength 
is  to  apparent  transverse  strength. 

It  is  therefore  unadvisable  to  accept  as  safe  loads  for  cast-iron  bars  under 
flexure  values  which  are  higher  than  those  which  would  be  considered  safe 
tensile  stresses.  The  investigation  of  cast-iron  structural  parts  by  breaking 
tests  is  misleading;  instead,  elongation  measurements  ought  to  be  made  when- 
ever possible,  and  the  stresses  calculated  from  them  with  a  very  carefully  selected 
value  of  the  modulus  of  elasticity. 

The  article  contains  full  data  of  the  tests  made  by  the  author. 

ISPYTANIE  NA  YuGO-ZaPADNYKH  DOROGAKH  BABBITA  83%  SVINTZA  I  17%  SURMY 

(Tests  on  the  Southwestern  Raih-oads,  Russia,  of  babbit  metal  consisting  of  83% 
lead  and  17%  antimony),  P.  Yanushevsld.  Bulletin  of  the  Permanent  Committee 
of  the  Conferences  of  Representatives  of  Russian  Railroads,  February  1912.  6  p.  e. 
The  babbit  metal  generally  used  on  the  Russian  Southwestern  Raiboads  is  made  of 
23%  tin,  3%  gunmetal,  24%  antimony,  50%  lead.  Extensive  tests  were  made 
with  both  the  usual  babbit  metal,  and  the  new  one  consisting  of  83%  lead  and 
17%  antimony,  and  the  foUowiiig  has  been  found: 


Usual  babbit. 
New  babbit . . 


Specific  Gravity 

Hardness 

Toughness 

Strength 

8 

23.00 

18.1 

34 

10 

20, 

17.5 

31 

The  wear  of  bearings  was  found  to  be  practically  the  same  with  both  metals, 
but  the  new  babbit  is  more  than  twice  as  cheap  as  the  former. 

Therinodynamlcs 

Der  Warmeijbergang  von  heisser  Luft  an  Rohrwandxjngen.  Dr.-Ing. 
H.  Grober.  Zeits.  des  Vereines  dtutscher  Ingenieure,  March  16,  1912.  5  pp.,  8 
figs.  eA.  Data  of  an  experimental  investigation,  made  in  the  Laboratory  of  the 
Technical  High  School  of  Munich,  on  the  flow  of  hot  air  in  pipes,  and  in  par- 
ticular on  the  influence  of  the  temperature  of  the  pipe  walls  and  air  on  the  trans- 
mission of  heat. 

Coefficient  of  heal  transmission  and  length  of  pipe.  The  coefficient  a  of  heat 
transmission  which  was  found  to  be  very  high  at  the  beginning  of  the  pipe,  sank 
very  rapidly  as  the  distance  from  the  beginning  increased,  and  approached  a 
minimum  at  the  end  of  the  pipe  (this  relation  was  formerly  proved  theoretically 
by  Nusselt). 

Coefficient  of  heat  transmission  and  temperature  of  the  walls  of  the  pipe  and  air. 
By  slightly  varying  Nusselt's  theoretical  formula,  the  author  obtains  the  follow- 
ing equation  for  the  coefficient  of  heat  transmission: 
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^  ^     15,90-     -^  pT  c7  X^-"  u>»    Tw  T'l"'""  =C  Ty,  r,  2" 

where  X  is  the  heat  conductivity  of  air.  By  substituting  experimentally  obtained 
vakies  for  a  from  a  table  given  in  the  article,  the  author  finds,  that  if  a  is  expressed 
as  an  exponential  function  of  Tw,  or  temperature  of  the  pipe  wall,  and  Tl,  or 
temperature  of  the  air,  the  exponents  of  these  temperatures  do  not  remain  con- 
stant, but  vary  with  the  temperatures,  and  from  0  to  plus  100  deg.  cent,  are 
approximately  what  Nusselt  found,  but  differ  considerably  from  his  values  at 
higher  temi)eratures.  The  author  believes  that  even  at  temperatures  as  low  as 
200  to  300  deg.  cent,  the  radiation  of  heat  of  the  gas  is  large  enough  to  affect  the 
law  of  heat  transmission. 

The  second  part  of  the  article  deals  with  the  problem  of  radiation  of  heal  of 
gases.  The  author  begins  by  deriving  a  general  formula  which  permits  to  cal- 
culate the  radiation  from  one  area  through  another  opposite  it,  and  through  the 
intervening  layer  of  air.  This  equation  is  then  applied  to  the  case  of  the  flow  of 
air  in  a  pipe,  and  the  heat  transmitted  by  radiation  is  calculated  as  part  of  the 
total  heat  transmitted.  When  the  heat  is  transmitted  by  radiation  alone,  this 
radiation  formula  may  be  applied;  when  it  is  transmitted  only  by  radiation  and 
conduction,  the  Nussclt  equation  should  be  applied,  and  a  special  law  has  yet 
to  be  formulated   to  include  cases  lying  between  these  two  extremes. 

miseellaneous 

INIaschinenwirtshaft  in  HtJTTENWERKEN,  Dr.  H.  Hoffman.  Zeits.  des 
Vereines  deutscher  Ingenieure,  March  16,  23  and  30,  1912.  16  pp.,  41  figs.  d. 
Discussion  of  the  modern  development  of  machinery  in  metallurgical  works 
plants,  such  as  i)ower  stations,  gas  engines,  blowers,  rolls,  etc.,  from  the  point 
of  view  of  economic  efficiency  and  reliability,  with  many  illustrations  of  modern 
types  of  engines  and  plants. 


Supplementary  references: 

Tosi,  Steam  Turbine    (Foreign   Review,  May,  1912,  p.  802)    Cp.  Engineering 
(London),  April  26,  1912,  p.  555. 


GAS  POWER  SECTION 

PRELIMINARY  REPORT  OF  LITERATURE 
COMMITTEE 

(XVIII) 
ARTICLES    IN    PERIODICALS' 

Abgase  von  Gasmaschinen,  Ausnutzung.     Stalil  und  Eisen,  April  4,  1912. 
2/3  p.,  2  flgs.     p. 
A  mention  of  an  appliance  for  utilizing  the  exhaust  heat  from  gas  or  oil  engines. 
Betrieb  von   Generatoroeen,   Der,   R.   Geipert.     Journal  fiir   Gashclctich- 
tunti,  March  2  and  9,  1912.    10  pp.,  7  figs.,  3  tables. 
The  operation  of  gas  plants. 
Combustibles  mediocres  dans  les  mines  du  district  de  Dortmund,  Util- 
isation DES,   Dobbelstein.       Notes   Technique   de   Comit4   Central   des 
llouilleres  de  France,  April  1,  1912.     7  pp.,  3  flgs.,  12  tables. 
Utilization  of  exhaust  gases  from  mines  in  the  district  of  Dortmund. 
Diesel  Engine,  A  New.     The  Engineer   (London),  April  19,  1912.     2  pp., 
6  flgs.     drnpC. 
General    description    with    some    changes    in    details    of    engine    built    by    Franco 
Tosl,  of  Legnano,  Italy. 

Diesel  Engine  Design,  Some  Aspects  of,  D.  M.   Shannon.     Engineering/, 
May  3,  1912.     5%  PP-,  3  figs.,  3  tables,     dm. 
Paper  before  the  Institution  of  Engineers  and  Shipbuilders  of  Scotland,  April  23, 
1912. 

Diesel  Engine  Formula,  A  New,  P.  A.  Holliday.    The  Engineer  (London), 
April  5,  1912.      i/^  p.,  1  cnrve.      7npA. 
Formula  for  bore,  stroke  and  revolutions  per  minute  when  required  horsepower  is 
given. 

Kerpely    Gaserzeugers,    Uber    eine    neue    Bauart    des,    H.    Hermanns. 
Dinglers  polytechnisehes  Journal,  March  9,  1912.     2  pp.,  1  fig.,  4  tables. 
Describes  a  new  type  of  Kerpely  gas  producer. 
Moteurs  a  combustion  sans  soupape,  Quelques,  G.  Richard.     Revue  de 
w^eanique,  March  31,  1912.     32  pp.,  100  figs.,  3  tables,  6  cnrves.     A. 
Valveless   motors   showing  various   types. 


^  Opinions  expressed  are  those  of  the  reviewer,  not  of  the  Society.  Ar- 
ticles are  classified  as  c  comparative;  (/  descriptive;  c  experimenlal ;  h  his- 
torical; ni  mathematical;  /)  practical.  A  rating  is  occasionally  given  by 
the  reviewer,  as  A,  B,  V.  The  first  installment  was  given  in  The  Journal 
for  May  1910. 
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RoriOELAiOTORE.    Neueke,    Cb.    rohlmanii.      Journal    fiir    Gashckiicliliing, 
March  Ifi  and  30,  11)12.      8  pp.,  24  fii,'S. 
New  tj-pos  of  crude  oil  motor. 
Turbine,  The  Gas,  Nonnan  Davey.      The  Enfiinccr  (I.ondon),  April  5,  12, 
26.  1912.     6'/l>  pp.,  S  fiss..  1  table,  4  curves.      ilmi^A. 
Doscritios,  with   formula^  and   curves,   tlie   steam   and   air  turbine   and   the   rotary 
air  compressors. 

Torfgasanlage,  Bekicht  iJiiEK  DIE  ITNTEKSt'ciixTNG  EiNER,  II.  Baer.      ZcU. 
ilcs  Vercines  deutschcr  Imjcnicure,  April  6,  1012.     4  pp.,  3  figs,  1  table, 
9  curves. 
Report  of  an  investigation  of  a  peat  gas  installation. 
Zentualgeneratorgasani.angen  in  den  Wiener  spadtisciien  Gaswerken, 
Die.  K.  Mariscbka.      Journal  fiir  Gasbclcuclttung,  April  13,  1912.      6 
pp..  5  figs. 
Gas  plant  of  the  city  of  Vienna,  Austria. 


REPORTS     OF     MEETINGS 

SAN  FRANCISCO  MEETING.  APRIL  3 
A  iiiccliiii;  of  llie  Society  was  held  iu  San  Fraucisco  on  April  3,  at  which 
the  paper  by  It.  E.  Cranston  on  The  Design  and  Mechanical  Features  of  the 
California  Gold  Dredge  was  presented  and  discussed.  Those  who  partici- 
pated in  the  discussion  were  R.  H.  Postlethwaite,  member  of  the  Institu- 
tion of  Electrical  Engineers,  London,  and  of  the  American  Institute  of  Min- 
ing Engineers ;  J.  W.  Plant,  Mem.  Am.  Soc.  M.  E.,  engineer  with  the  Edgar 
Allen  American  Manganese  Steel  Company,  San  Fraucisco;  W.  C.  Knox; 
Thomas  Morriu,  Mem.  Am.  Soc.  M.  E.,  consulting  engineer,  San  Francisco ; 
and  the  author. 

NEW   YORK   MEETING,  MAY   14 

The  topic  of  Commercial  Dictating  Machines  was  discussed  at  a  meeting 
of  the  Society  in  New  York  on  May  14,  in  the  Engineering  Societies  Build- 
ing. The  opening  remarks  wore  made  by  A.  J.  McFaul  of  the  Allen  Adver- 
tising Company  of  New  York,  who  has  made  a  study  of  the  various  methods 
of  recording  and  reproducing  speech,  with  particular  reference  to  the  in- 
crease of  practical  efficiency  in  handling  dictation  iu  offices.  He  was  fol- 
lowed by  C.  K.  Fankhauser  of  the  American  Telegraphone  Company,  Spring- 
field, Mass.,  Otto  Brushaber  of  the  Dictaphone  Company,  New  York,  S.  H. 
Bunnell,  Mem.  Am.  Soc.  M.  E.,  consulting  engineer  and  efliciency  expert, 
New  York,  Q.  Diepenbrock,  T.  C.  Martin,  Jr.,  W.  AV.  Macon,  Assoc.  Am.  Soc. 
M  E.,  engineering  editor  of  the  Iron  Age,  New  York,  George  A.  Orrok, 
Mem.  Am.  Soc.  M.  E.,  New  York  Edison  Company,  New  York,  and  H.  F.  J. 
Porter,  Mem.  Am.  Soc.  M.  E.,  consulting  engineer.  New  Yox*k.  Demonstra- 
tions of  the  various  machines  on  the  market  followed  the  meeting. 

Previous  to  the  meeting  a  number  of  the  New  York  members  gathered  at 
dinner  at  the  Engineers  Club,  thus  introducing  an  agreeable  social  feature. 

,  BOSTON  MEETING.  MAY  17 

At  a  meeting  of  the  Society  in  Boston  on  May  17,  two  papers  were  pre- 
sented: Progress  iu  Development  of  a  New  Type  of  Centrifugal  Pump  and 
Blower,  especially  for  Steam  Turbine  Drive,  by  C.  V.  Kerr,  Mem.  Am.  Soc. 
M.  E.,  and  A.  L.  Schaller,  Jun.  Am.  Soc.  M.  E.,  of  McEwen  Brothers,  Wells- 
ville,  N.  Y. ;  and  Increase  of  Bore  of  High-Speed  Wheels  by  Centrifugal 
Stresses,  by  Sanford  A.  Moss,  Mem.  Am.  Soc  M  E,  of  the  Turbine  Research 
Department  of  the  General  Electric  Company,  West  Lynn,  Mass.  Both  of 
the  papers  were  fully  illustrated  with  lantern  slides.  The  papers  were  dis- 
cussed by  J.  B.  Sando.  followed  by  a  more  informal  discussion  in  which  a 
number  participated. 
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COLUMBIA    UNIVERSITY 


Mechanical  Engineering  in  the  Steel  Industry,  by  Carl  Meissner,  was  presented 
at  the  April  25  meeting  of  the  Student  Branch  of  Columbia  University. 


CORNELL    UNIVERSITY 

At  the  May  1  meeting  of  the  Sibley  College  Student  Branch,  William  H. 
Boelum,  Cornell  1892,  of  the  Fidelity  and  Casualty  Company  of  New  York, 
read  a  paper  on  Boiler  Explosions  which  was  illustrated  by  lantern  slides. 

LEHIGH    UNIVERSITY 

The  Student  Branch  of  Lehigh  Univeristy  held  a  meeting  on  April  11  at  which 
the  following  papers  were  presented:  Breakage  of  Steel  Rails,  by  H.  S.  Fowler. 
The  possible  cause  for  the  many  rail  breakages  in  winter  was  attributed  to  piping, 
together  with  possible  changes  of  crystalline  structure  at  extremely  low  tem- 
peratures; also  improper  counterbalancing  of  the  locomotive  producing  exces- 
sive pressure  on  the  rails  dm-ing  high  speed.  G.  S.  Chiles  discussed  the  paper. 
R.  V.  Parker's  paper  on  Future  of  the  Steam  Turbine  discussed  all  the  important 
tj^pes  of  reaction  and  impulse  turbines  and  the  services  required  of  them.  A 
paper  on  Variable  Speed  Transmission  on  Motor  Trucks,  by  J.  H.  Sheppard, 
outlined  the  Manly  system  which  may  make  possible  the  elimination  of  a  large 
bulk  of  gear  transmission  and  other  controlling  devices  when  used  on  motor 
trucks,  gun  mounts,  etc.    This  was  discussed  by  Prof.  H.  S.  Howarth. 

MASSACHUSTEES    INSTITUTE    OF    TECHNOLOGY 

At  the  May  8  meeting  of  the  Mechanical  Engineering  Society  of  the  Massa- 
chussetts  Institute  of  Technology,  Charles  M.  Mumford  deUvered  an  illustrated 
lecture  on  The  Development  of  a  Fine  Goods  Cotton  Mill.  The  illustrations 
showed  floor  plans  of  the  mill,  arrangement  of  machinery  and  views  of  the  build- 
ings.   Professor  Haven  and  Mr.  Obrien  discussed  the  paper. 

POLYTECHNIC    INSTITUTE    OF    BROOKLYN 

On  April  27  the  Polytechnic  Institute  of  Brooklyn  Student  Branch  held  its 
fii'st  annual  dinner,  at  which  Dr.  J.  B.  Chittenden,  head  of  the  department  of 
mathematics,  was  toastmaster.  The  speakers  of  the  evening  were  F.  R.  Low, 
Assoc.  Am.  Soc.  M.  E.,  President  Atkinson,  G.  A.  Orrok,  Mem.  Am.  Sec.  M.  E., 
Chas.  E.  Potts,  and  Prof.  W.  D.  Ennis,  Mem.  Am.  Soc.  M.  E. 

Jas.  W.  Nelson,  Assoc.  Am.  Soc.  M.  E.,  gave  a  lecture  on  The  Eight  Years' 
Occupation  of  the  Canal  Zone  by  the  American  People  Since  May  1904,  at  the 
May  4  meeting.    A  general  discussion  followed. 
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STEVENS  INSTITUTE  OF  TECHNOLOGY 
At  the  May  7  meeting  of  the  Stevens  Engineering  Society,  the  treasurer's 
final  report  for  the  season  was  read  and  accepted.  The  election  of  officers  for 
the  season  1912-1913  resulted  as  follows:  chairman,  John  Henry  VanderVeer; 
vice-chairman,  Carleton  ^^'andel;  secretary,  Jerome  Strauss;  treasurer,  Jacob 
H.  Briiutigam. 

UNIVERSITY  OF  CALIFORNIA 
At  a  meeting  of  the  Student  Branch  of  the  University  of  California  held  on 
February  20,  a  paper  on  Pyi-ometers,  by  J.  P.  Zipf,  was  presented.  On  March 
3  the  Branch  was  addressed  by  E.  A.  Slater  on  Power  Plants  of  Steam  Ships. 
At  the  March  19  meeting,  Prof.  J.  N.  Le  Conte,  Mem.  Am.  Soc.  M.  E.,  spoke 
informally  on  the  object  and  work  of  the  Branch  and  dehvered  a  lecture  on  the 
Auxihary  Fire  Protection  System  of  San  Francisco.  On  April  3,  W.  P.  Custer 
read  a  paper  on  Centrifugal  Pumps.  At  the  April  16  meeting  the  following 
officers  were  elected  for  the  fall  term:  chairman,  G.  M.  Simonson;  vice-chairman, 
J.  F.  Ball;  secretary,  G.  H.  Hagar;  treasurer,  M.  E.  Page.  A  paper  on  Mallet 
Compound  Engines  was  read  by  J.  B.  Wells,  Jun.  Am.  Soc.  M.  E. 

UNIVERSITY    OF    CINCINNATI 

The  University  of  Cincinnati  Student  Branch  held  its  regular  monthly  meeting 
on  April  23  in  the  club  room  of  the  New  I<]ngineering  Building  at  whicih  reviews 
of  the  current  munb(n\s  of  engineering  magazines  were  pi'csented  bj^  tlie  student 
members. 

UNIVERSITY    OF    ILLINOIS 

In  April  26  the  University  of  IlUnois  Student  Branch  held  its  regular  bi- 
monthly meeting.  The  subject  of  the  evening  was  Steam  Turbines.  T.  E. 
Maiu-y  presented  a  paper  on  the  DeLaval  Turbine  and  A.  T.  Weydell  gave  an 
illustrated  talk  on  the  Curtis  Machine.    A  general  discussion  followed. 

UNIVERSITY    OF    KANSAS 

The  Southern  Power  Company,  by  Earl  Rush,  and  The  Mechanical  Handling 
of  Freight,  by  R.  H.  Forney,  were  presented  at  the  April  11  meeting  of  the  Univer- 
sity of  Kansas  Student  Branch. 

On  April  18,  Prof.  P.  F.  Walker,  Mem.  Am.  Soc.  M.  E.,  dehvered  a  lecture 
on  Ideals  for  Engineers,  and  on  April  25,  his  lecture  on  The  Design  and  Manu- 
facture of  Large  Sliips  was  illustrated  by  lantern  slides  which  showed  the  growth 
of  the  modern  ship  and  internal  construction  of  steel  ships. 

UNIVERSITY    OF    MISSOURI 

At  the  April  15  meeting  of  the  University  of  Missouri  Student  Branch  a  debate 
was  held  on  the  following  subject:  Resolved,  That  in  an  oil  field  district  it  is 
better  to  use  the  oil  in  internal-combustion  engines  than  to  burn  it  under  steam 
boilers,  for  a  plant  of  about  2000  kw.  capacity.  P.  A.  Tanner  and  F.  I.  Kemp 
were  on  the  affirmative  side  and  A.  E.  Heptonstall  and  R.  M.  James  on  the 
negative.    The  affirmative  sick;  won  the  debate. 


NECROLOGY 

ERNEST    S.     BOWEN 

Ernest  S.  Bowen  was  born  at  Levanna,  N.  Y.,  May  28,  1858,  and 
died  at  Geneva,  N.  Y.,  April  27,  1912.  At  an  early  age  he  went  to 
work  for  the  J.  A.  Spencer  Iron  Works,  Union  Springs,  N.  Y.,  where 
he  received  his  first  training  and  practical  experience  in  mechanics. 
Realizing  the  advantage  of  a  technical  education,  he  entered  Cornell 
University  and  worked  his  way  through,  graduating  in  the  class  of 
1890.  Immediately  after  graduation  he  entered  the  employ  of  the 
Mcintosh  Seymour  Engine  Company,  manufacturers  of  high-speed 
engines.  Auburn,  N.  Y.,  of  which  he  soon  became  assistant  super- 
intendent. In  1895  he  embarked  in  business  for  himself,  forming  a 
partnership  with  Walter  L.  Fay,  also  of  Auburn,  for  the  manufac- 
ture of  bicycle  parts.  After  five  years  they  sold  out,  but  re-formed  a 
partnership  for  the  manufacture  of  marine  engines  under  the  name 
of  Fay  &  Bowen.  As  this  business  grew  they  added  to  it  the  manu- 
facture of  motor  boats,  which  necessitated  their  moving  to  a  location 
with  a  water  front.  They  were  attracted  to  Geneva  and  in  1904  the 
business  was  incorporated  under  its  present  name  of  the  Fay  & 
Bowen  Engine  Company  and  it  has  steadily  grown  until  it  is  one  of 
the  leading  concerns  of  its  kind  in  the  country. 

JAMES    p.     S.    LAWRANCE 

James  P.  S.  Lawrance  was  born  in  Philadelphia  in  1852  and  at- 
tended the  Episcopal  Academy  in  that  city.  He  was  matriculated 
at  the  Lehigh  University  and  graduated  in  1873  with  the  degree  of 
M.  E.  He  served  about  one  year  under  instruction  in  the  machine 
shop  of  John  Roach  &  Sons,  Chester,  Pa.,  to  quahfy  for  the  Engineer- 
ing Corps  of  the  Navy,  which  service  he  entered  as  second  assistant 
engineer  in  March  1875.  He  made  a  three  years'  cruise  on  the  Asiatic 
Station  and  another  on  the  Pacific  Station,  also  a  six  months'  cruise 
on  the  North  Atlantic  Station  in  a  sea-going  monitor.  In  April 
1883  he  was  ordered  to  duty  in  the  office  of  Naval  Intelligence  in  the 
Bureau  of  Navigation,  Navy  Department,  and  in  June  1883  was 
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commissioned  a  i^ast  assistant  engineer  in  the  ITnitecl  States  Navy. 
Subsequently  Captain  Lawrance  served  at  the  Norfolk  and  the 
Washington  Navy  Yards;  the  Homestead  Steel  Works  and  the 
Thurlow  Steel  Works.  He  took  part  in  the  "battles"  of  Cardinas 
and  Manzanello  during  the  war  with  Spain  and  made  voyag(^s  through 
the  Sti'aits  of  ]\Tagellan,  the  Suez  Canal,  up  the  Amazon  River  about 
2000  miles,  and  around  the  world.  He  was  promoted  in  the  regular 
course  up  to  the  rank  of  chief  engineer  in  the  Navy  and  by  virtue  of 
the  act  of  C'ongress  approved  March  3,  1899,  was  transferred  into 
the  line  of  the  Navy  and  promoted  to  the  rank  of  commander.  At 
his  own  request  his  name  was  transferred  to  the  retired  list  June  30, 
1905,  which  promotit)n  (-arried  with  it  the  rank  of  captain.  He  died 
January  10,  1912. 

Captain  I^awrance  was  a  memlter  of  the  American  Association  for 
the  Advancement  of  Science. 


I.     CHESTER     G.     WILKINS 

I.  Chester  G.  Wilkins  was  born  in  Whitehall,  N.  Y,,  September 
8,  1871.  He  received  his  early  education  in  the  public  schools  of 
Whitehall  and  in  1893  was  graduated  from  Cornell  University  with 
the  degree  of  M.  E.  His  first  work  was  in  the  railroad  shops  of 
Whitehall,  and  in  August  1894  he  went  to  New  York  entering  the 
employ  of  Evans,  Almirall  &  Company,  heating  and  ventilating 
engineers  and  contractors,  with  whom  he  remained  until  May  1895. 
He  then  obtained  a  position  with  C.  O.  Brown,  consulting  engineer, 
Brooklyn,  N.  Y.,  and  from  March  1896  to  May  1899  designed 
heating  and  ventilating  apparatus  for  public  school  buildings. 
He  went  to  Baltimore,  Md.,  having  secured  a  position  with  Henry 
Adams,  consulting  engineer,  and  two  years  later  returned  to  New 
York  to  fill  a  position  with  Thompson-Starrett  Company,  with 
which  concern  he  remained  till  his  death,  April  20,  1912.  His  work 
during  this  period  consisted  in  the  design,  specification  and  general 
supervision  of  installations  of  mechanical  equipment  for  such  build- 
ings as  James  McCreery  &  Company's  store  at  9  West  34th  Street, 
New  York;  the  Crescent  Athletic  Club,  Brooklyn,  the  Adelphia 
Theater,  Philadelphia;  the  Title  Guarantee  &  Trust  Company's 
bank  and  office  building,  Brooklyn;  the  New  York  Steam  Company's 
boiler  house;  and  John  D.  Rockefeller's  residence,  Pocantico  Hills, 
N.  Y. 
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GEORGE    H.    SULZER 

George  H.  Sulzer,  chi(>f  designer  and  manager  of  the  centrifugal 
punij^  departni(>i)t  of  the  Worthington  HydraviHc  Works,  Harrison, 
N.  J.,  died  in  New  York  April  20,  1912.  Mr.  Sulzer  was  born  in 
Winterthur,  Switzerland,  October  21,  1877.  He  received  his  early 
,  education  at  the  public  schools  and  industrial  college  of  Zurich. 
His  professional  training  was  obtained  at  the  Polytechnic  Institute 
of  the  same  town,  where  he  received  his  diploma  in  1902.  For 
several  years  after  his  graduation  he  was  assistant  in  the  department 
for  centrifugal  pumps  and  turbines  at  the  Polytechnic  Institute. 
In  1903  he  sailed  for  America  and  found  employment  with  R.  D. 
Wood  &  Company,  Camden,  N.  J.,  and  later  on  the  engineering 
staff  of  the  Buffalo  Forge  Company.  In  1906  he  was  engaged  by 
the  Henry  Worthington  Company  to  take  charge  of  the  design  of 
centrifugal  pumps,  which  had  always  been  his  specialty.  He  had  an 
unusually  intimate  understanding  of  the  theory  and  construction  of 
rotating  machinery,  particularly  of  the  newer  types  of  pumps,  and 
his  services  were  most  valuable  in  the  solution  of  special  problems, 
even  though  he  was  often  handicapped  by  the  prevailing  commer- 
cial tendencies  and  conditions.  He  was  a  member  of  the  Newark 
branch  of  the  Deutscher  Technischer  Vercin,  being  its  president  for 
two  terms.  He  was  also  a  member  of  the  Vereinigung  der  Schweizer- 
ischen  Techniker. 


EMPLOYMENT   BULLETIN 

» 

The  Soeiety  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium  of  securinK 
better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention  and  is  most 
anxious  to  receive  requests  both  for  i)ositions  and  for  men  available.  Notices  are  not  repeated 
except  upon  special  request.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month. 
The  list  of  men  available  is  made  up  of  members  of  the  Society,  and  these  are  on  file  in  the  Society 
office,  together  with  names  of  other  good  men  not  members  of  the  Society,  who  are  capable  of  fUling 
responsible  positions.     Information  will  be  sent  upon  application. 

POSITIONS    AVAILABLE 

0166  Wanted  for  New  York  City  and  vicinity,  experienced  salesman  for 
iron  castings,  botli  rough  and  machined;  to  have  estabHslied  trade  and  be  a 
man  of  standing  and  abihty.    Apply  through  Am.  Soc.  M.  E. 

0167  Salesman  for  boiler-plant  machinery,  must  have  experience.  State 
references  and  salary  expected. 

0168  Assistant  professor  of  mechanical  engineering  in  college  in  middle  west; 
to  teach  general  mechanical  engineering;  line  of  subjects  including  drawing, 
descriptive  geometry,  mechanical  laboratory,  turbines,  gas  engines,  power- 
plant  design  and  similar  subjects.     Salary  $1200, 

0169  Any  member  proposing  a  trip  to  Cuba  in  the  immediate  future  may 
secure  information  regarding  representation  in  Havana  of  a  New  York  concern 
by  applying  to  the  Secretary.  Remuneration  for  this  special  service  in  excess 
of  $1000  if  representation  is  successful. 

0170  Iowa  concern  desires  manager  for  engineering  department;  good  execu- 
tive, capable  of  preparing  heating  plans  and  specifications  or  superintending 
the  making  of  same  with  technical  education  and  thoroughly  reliable  in  every  way. 
Apply  through  Am.  Soc.  M.  E. 

0171  Superintendent  for  factory  employing  about  300  men,  manufacturing 
heating  apparatus  and  steam  specialties.  Location  middle  west.  Apply  through 
Am.  Soc.  M.  E. 

0172  Engineer  salesman  for  concern  in  New  York;  must  understand  fans, 
exhausters,  etc. 

MEN    AVAILABLE 

421  Member  has  held  important  positions  in  the  manufacture  of  injectors, 
lubricators  and  brass  steam  specialties;  qualified  to  fill  a  position  as  superinten- 
dent of  works  manufactiu'ing  Ihesc  lines.  Inventor  of  several  improvements 
in  jet  apparatus.     Some  sales  experience. 

'^  422 'Member,  12  years'  broad  ex])ericnce  in  all  branches  of  industrial  con- 
struction would  like  to  secure  position  with  large  industrial  plant  as  mechanical 
engineer  or  engineer  in  charge  of  construction,  or  with  consulting  engineer  who 
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is  in  nopd  of  man  to  relieve  him  of  responsibility  and  sec  large  work  through  from 
rough  sketches  to  operation.  Best  of  references  and  testimonials.  Salary  S4200 
to  $5000  according  to  location.  Can  arrange  interview  in  New  York  or  vicinity. 
Available  in  July. 

423  Junior  member,  27,  desires  to  change  his  connections.  Five  years' 
experience  in  steel  business  covering,  engineering,  production,  costs,  and  selling) 
position  in  any  line  where  hard  and  conscientious  work  will  be  appreciated. 

424  Member,  Cornell  graduate,  experience,  ten  years  machine  shop,  six  years 
drafting  and  other  engineering  work,  five  years  teaching  in  all  branches  of 
mechanical  engineering  and  almost  all  subjects  usually  given  in  that  course. 
Capacity  for  organizing.  Now  in  charge  of  machine  design  and  construction, 
desires  change. 

425  Technical  graduate,  12  years'  experience  foundry  and  machine  shop 
manufacturing  specialties;  in  charge  of  drafting  construction  and  assistant 
executive,  also  some  experience  as  salesman;  past  five  years  superintendent 
manufacturing  plant.    Some  money  to  invest  if  desirable. 

426  Mechanical  engineer,  seven  years'  experience  in  the  design,  construction 
and  operation  of  portland  cement  plants,  familiar  with  wet  and  dry  processes; 
desires  position  with  manufacturer  of  portland  cement,  would  be  especially 
valuable  to  concern  desiring  to  modernize  plant  or  to  build.  Now  employed  in  a 
position  similar  to  the  one  desired.  Graduate- of  Cornell  University,  Jun.  Am. 
SoC.  M.  E.    Age  32,  married. 

427  Motor-truck  engineer  and  designer  open  for  proposition  with  progres- 
sive commercial  car  firm  as  transportation  expert,  efficiency  man  and  data 
collector;  competent  to  investigate,  analyze  and  report  upon  prospects  for  truck 
sales  in  any  industry,  or  to  act  in  educational  capacity  among  merchants  in 
cities  where  few  trucks  are  in  use.  Seven  years'  continuous  experience  in  com- 
mercial car  business,  in  drawing  room,  factory  superintendent,  publicity  and 
editorial  work. 

428  Wanted  position  as  mechanical  engineer  for  a  manufacturing  plant 
employing  about  1500  to  2000  men;  can  give  first  class  references  as  to  reliability 
and  capability;  now  employed  as  designer  of  machinery  but  desires  to  make  a 
change.     Salary  $3000  to  $4000. 

429  Junior  member,  technical  graduate,  marine  and  mechanical  engineering, 
one  year  in  night  law  school;  age  27.  Experience  as  factory  foreman  and  assist- 
ant superintendent;  assistant  engineer  and  chief  draftsman  with  a  reinforced 
concrete  steel  company.  Assistant  engineer  and  superintendent  of  construction 
on  factory  and  mill  construction  work.  Would  like  to  become  permanently 
located  with  manufacturing  or  industrial  concern  either  in  technical  or  business 
way  wit hf view  of  working  up  in  the  business. 

430  Technical  graduate,  would  hke  position  with  engineering  department 
of  concern''manufacturing  steam  or  gas  engines  or  consulting  engineer  having 
steam  or  gas  engine' work.    Good  experience  in  locomotive  repair  shops. 

431  Junior  member,  age  25,  graduate  of  Massachusetts  Institute  of  Tech- 
nology, desires  position  offering  advancement,  has  had  over  two  years'  experience, 
teaching  and  in  construction  work.  At  present  employed  as  assistant  mechanical 
engineer  for  large  hardware  concern  and  also  in  cost  department. 
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432  Position  of  aKsistaiit  manager,  chief  engineer  or  superintendent  of  an 
industrial  or  power  plant  wanted  by  Junior  member,  having  experience  in  engi- 
neering and  experimental  department  of  railroad,  operating,  erecting  and  laying 
out  power  plants,  and  general  machinery  in  industrial  works  and  all  duties 
under  jurisdiction  of  master  mechanic  of  large  chemical  works. 

433  Junior  member,  A.  B.  Yale,  M.  E.  Columbia,  would  like  to  become 
associated  with  engineer  or  firm  making  specialty  of  design  and  construction  of 
industrial  plants.  Experience  in  this  hne  as  superintendent  of  construction, 
assistant  to  works  manager,  etc. 

434  Production  engineer  with  long  experience  in  the  reduction  of  costs  and 
in  the  introduction  and  operation  of  scientific  management,  wishes  to  get  into 
communication  with  university  or  technical  college  desiring  a  professor  in  these 
Hues. 

435  Position  desired  with  progressive  manufacturing  concern  as  executive 
mechanical  engineer  with  opportunity  to  make  savings  in  non-productive  depart- 
ments or  design  new  additions;  graduate  Massachusetts  Institute  of  Technology, 
American,  20  years'  experience  in  construction,  design  and  operation  power 
plants  and  mills  in  various  parts  of  United  States  and  (panada. 

436  Junior  member,  age  27,  married,  experienced  in  power  plant  erection 
and  operation,  including  refrigeration  experience,  now  employed,  but  desires  to 
locate  with  a  reliable  concern  with  opportunity  to  advance.  Can  furnish  the 
best  of  references  of  character,  ability,  etc. 

437  Junior,  technical  education,  three  years'  experience  in  gas  and  electric 
business,  and  two  years  in  charge  of  engineering  laboratory;  desires  change  of 
position.     Available  July  1. 

438  Designing  engineer,  nine  years'  experience,  thoroughly  familiar  with 
design  of  cranes  and  hoisting  equipment;  at  present  employed  as  assistant  chief 
draftsman  by  large  crane  builder;  desires  position  of  greater  responsibility; 
such  as  complete  charge  of  designing  department  of  small  growing  firm.  Location 
west  or  middle  west  preferred. 

439  Position  desired  with  a  manufacturing  company  as  superintendent  of 
maintenance  or  industrial  engineer.  Eleven  years'  practical  and  technical  ex- 
perience in  designing  and  constructing  of  machinery,  jigs,  tools,  safety  appliances, 
transmission,  steel  mill,  and  reinforced  concrete  buildings;  equipments,  heating 
and  ventilating,  estimating  costs,  writing  specifications  and  contracts,  drafting 
and  supervision.  Is  accustomed  to  handling  men.  Can  furnish  references. 
Age  29,  married.    Location  middle  west. 

440  Member  with  broad  experience  in  construction  and  operation  of  power 
plants,  shop  experience  and  capable  of  handhng  any  problem  in  design  and  con- 
struction that  is  met  in  water  or  light  plants.  At  present  employed  as  chief 
engineer  of  power  for  large  mining  company.  Would  prefer  position  in  south  or 
west  or  in  Spanish  or  English  speaking  foreign  country. 

441  Works  manager,  long  experience  on  light  manufacturing,  involving 
interchangeable  parts.  Competent  to  organize  all  dej^artments  of  manufacturing 
plant  along  modern  lines. 

442  Technical  graduate.  Junior  member.  Ten  years'  experience  in  the  shop 
and  drafting  room  on  automatic  machinery,  specializing  on  jigs  and  fixtures  for 


EMPLOYMENT   BULLETIN  985 

tlip  nuuuifacfuro  of  (lui)lica(c  parts.  Now  sup(>rintondent  of  small  manufac- 
turing concern,  desires  position  in  larger  growing  organization  as  assistant  to 
manager  or  superintendent. 

443  Mechanical  engineer  and  draftsman.     Best  of  references. 

444  Position  as  manager  desired,  by  technical  graduate  ;  experience  as 
machinist,  draftsman,  prodiu^tion  and  industrial  engineering,  installation,  shop 
and  cost  systems,  rearranging,  equipping  and  layout  of  plants  and  electrical 
installations.  Age  32.  Now  superintendent  of  factory  employing  150  to  200 
men. 

445  Mechanical  engineer,  wide  experience  designing,  building  and  installing 
machinery.  Familiar  with  hoisting,  conveying  and  electrical  machinery,  bakery 
and  flour  handling,  automobile  building  and  special  machinery.  Have  always 
"made  good."  Desires  position  where  varied  experience  will  be  valuable,  either 
in  engineering  office  or  manufacturing  plant.  Age  40.  Accustomed  to  executive 
positions. 
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With  Comments  by  the  Librarian 

This  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of  acces- 
sions to  (lie  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request 
from   Calvin   W.   Rice,   Secretary  Am.   Soc.   M.   E. 

American  Institute  of  Architects.    Proceedings  45th  annual  convention, 

19J1.     Washington,  1912.     Gift  of  tlie  institute. 
American  Railway  Bridge  and  Building  Association.    Proceedings  of  the 

21st  annual  convention.     Chicago,  IHJI.     Gift  of  the  association. 
Anuarto  Estadistico  de  la  Republica  Oriental  del  Uruguay,  1907-1908. 

Vol.   2,    Pt.   1.      Montevideo,   191 L       Gift   of   Republica    Oriental    del 

Uruguay. 
Applied  Methods  of  Scientific  Manageaient,  F.  A.  Parkhurst.    New  York, 

Wiley  d  Sons,  1912. 
This  worl\  is  an  amijlifiention  of  the  author's  articles  in   Industrial   Engineering 
and  deals,  not  with  tiie  theoretical  side  of  the  subject,  but  with  the  details  of  its 
practical   application.     The  worl<  is  well   illustraled,   many   forms   being  given. 

IiliN  Besuch  im  Deutschen  Museum  Abteilung  II,  Zweibruckenstrasse, 

K.  Matschoss.     Sonderahdrick  aus  der  Zeitschrift  des  Vereius  Deuts- 

cher  lugenieure,  1909.     Gift  of  Wni.  Paul  Gerhard. 
Centrifugal  Pumping  Machinery.    The  theory  and  practice  of  centrifugal 

and  turbine  pumps,  C.  G.  de  Laval.    Neio  York,  McOraw-Hill  Book  Co., 

1912. 
Based    on    practical    experience    in    the    design,    construction    and    installation    of 
pumping  machinery  of  centrifugal   type,   and   confines   itself  to   material   which  has 
biH  n  usi'd  in  the  actual  practice  of  the  author  with  Henry  R.  Worthinglou. 

Coal  Smoke  Abatement  Society.     I'apers  read  before  the  Smoke  Al)ate- 

ment  Conferences  March  2(5,  27,  28,  1912.      Westminster,  1912.     (Jift 

of  the  society. 
Connecticut   Bureau   of   Labor   Statistics.     Bulletin,   1911.     Hartford, 

1911. 
Die  Dampfkessel  nebst  ihren  Zubehorteilen  und  Hilfseinriciitungen, 

R.   Spalckhaver  und  Fr.   Schneiders.     Berlin,  1911. 
Deutsches  Museum   IjEbensbeschreibungen  und  Ubkunden,  George  von 

Reichenbach,  Walther  v.  Dyck.  MUnchen,  1912.  Gift  of  the  author. 
Deutsches   Museum    vOi\    Meisterwekken    der    Naturwissenschaft    und 

Technik.     Fiihrer   durch   die   Sammlungen.     Leipzig.     Gift   of   Win. 

Paul  Gerhard.  . 
Driver-Harris    Wire    Company.      Properties    of    Round    and    Fattened 

"  Nichrome  "  Wire.     1911.     Gift  of  the  company. 
Earning  Powek  of  C'hemistry,  Arthur  D.  Tiittle.     Professional  Paper  no.  5. 

Contributions  to  llngineering  Chemistry  by  members  of  (he  staff  of 

Arthur  D.  Little,  Inc.  •  Boslon,  1911.     (Jin  of  Arthur  D.  Little,  Inc. 
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EiNBicHTUNG  UND  Betrieb  eines  Gaswerkes,  A.  Sc'liiifer.     Miinchcn-Bciliu, 
1910. 

Electrification  of  Railways,  George  Westinghousc.      Gift  of  Westing- 
bouse  Electric  &  Manufacturiug  Co. 
Elements  of  Statistical  Method,  W.  I.  King,    islew  York,  Maciitillan  Co., 
1912. 
Treats  of  the  technical  processes  involved  in  the  work  of  the  statistician  in  the 
collection,  couipilatiou  and  inferpretalion  of  statistical  data.     The  first  work  of  the 
kind. 

Der  Fabrikbetrieb,  All)ert  Ballewslii  and  C.  M.  Lewis.  Ed.  3.  BGilin, 
1912. 

FORSCHERARBEITEN    AUS    DEM    GeBIETE    DES    EiSENBETONS.       NoS.    1-10,    12-17, 

19.      Wicn-Bcrlin,  nw.',-1912. 
Handbucii  der  Materialienkunde  fur  den  Masciiinenbau,  a.  Martens. 

rt.    2.      Die    techiiisch    \\'ichtigen    Eigeuschafton    der    Metalle    und 

Logierungen,  E.  Heyn.     Berlin,  1912. 
iNTRODi'CTioN    TO    ANALYTICAL    MECHANICS,    Alexander    Ziwet    and    Peter 

Field.      New  York,  MnemUlan  Co.,  1912. 
A  text  book  for  junior  and  senior  students  based   largely  on  the  senior  author's 
Theoretical  Mechanics.     The  authors  are  professors  in  the  University  of  Michigan. 

KrAN  und  TrANSPORTANLAGEN  FIJR  HiJTTEN,  IlAFEN,  WeRFT  UND  WeRKSTATT 

Betriebe,  C.  Michenfelder.    Berlin,  1912.    Gift  of  Hunt  Memorial  Fund. 

LABORATORY'   MANUAL   FOR   THE   USE   OF    STUDENTS   IN    TESTING   MATERIALS   OF 

Construction,  L.  A.  Waterbury.     New  York,  Wiley  &  Sons,  1912. 
Intended  as  a  manual  for  use  in  schools  where  all  testing  is  given  in  one  course. 

Lehrbuch  der  Eisen  UND  Stahlgiesserei,  Bernhard  Osann.    Leipzif/,  1912. 

Louisville  Water  Company.  Annual  Report,  54tli.  Louisvile,  1911.  Gift 
of  Theo.  A.  Leisen. 

Le  Mechaniche,  Guido  Uvalde.     15S1. 

Die  Metall  und  Eisengiesserei  mit  besonderer  Bekucksiciitigung  der 
Legierungen  und  Gattierungen  fDr  den  Masciiinenbau,  Hugo 
Wachenfeld.    Halle  a.  8.,  I'Jll. 

Milwaukee  Bureau  of  Economy  and  Efficiency.  Bulletin,  17,  19.  Mil- 
waukee, 1912. 

Municipal  Engineers  of  the  City  of  New  York.  Constitution,  By-I^aws, 
Tiist  of  Members  and  Annual  Report,  1911.     New  York,  1911. 

Municipal  Engineers  of  the  City  of  New  York.  rrocoedings,  1911. 
New  York,  1911.    Gift  of  Municipal  Engineers  of  the  City  of  New  York. 

New  York  Central  and  Hudson  River  Railroad  Company.  Annual  Re- 
port of  the  Board  of  Directors  to  the  Stockholders,  43d,  1911.  Neic 
York,  1911.     Gift  of  the  company. 

New  York  City  Board  of  Water  Si^pply.  Contract  72,  112,  113.  114. 
1912.      Gift  of  Board  of  Water  Supply. 

Olmotorkn  in  Viertakt-und  Zweitaktbauart,  H.  Haeder.  Vols.  1-2. 
Wirshaden,  1912. 

Organisation  et  Direction  des  Usines,  Andre  Mayer.    Paris,  1911. 


988  ACCESSIONS   TO   THE   LIBRARY 

POLIIEAf,     ("lUJlSTorilKR.        jNIlN  N  lOSSK  lUKT     irnilKVKN     AF     SVKNSKA     TeKNOLOG- 

FOKENiNGKN.      Stockl/ol III,  J'JIl.      (iift  of  Sveiiska  Toknologforeningen. 

Practical  Treatise  on   JiOcoMOTiVE   Engines   Tton   Railways,   F.   M.   G. 
de  Pniuboiir.      rhihnlcJphia,  1S36. 

The  fii'st  book  on   the  loconiDlivo  xn-inted  iu  AiixTica. 
Kealitatkn,  Amsikaktionen,  Fingierungen  x!nd  FiKTioNEN  in  der  The- 
ouetisciien  Meciianik  von  O.  E.  Westin.      Stock]ioh)i,  I'Jll.      Gift  of 
Svoiiska  Tekiiolosforeniiifren. 

SciENTLFic  American  Cyclopedia  of  Formulas,  A.  A.  Hopkins.     New  York, 
lOJl. 

Springfield,    Mass.,    Board   of   Water   Commissioners.       Annual    Report, 

3Sth,  1911.     Sprinij/ichl,  1912.     Gift  of  the  board. 
The  Teaching  of  Physics  for  Purposes  of  General  Education,   C.  R. 

Mann.  Nciu  'iork,  MacniiUan  Co.,  l'.)12. 
Edited  by  Prcsldout  Rutler  of  Columbia.  'I'hc  work  is  not,  as  might  be  sup- 
posed, an  outline  of  courses  or  laboratory  manual,  but  a  discussion  of  the  prin- 
ciples underlying  the  teaching  for  purposes  of  general  culture.  There  are  quite 
extensive  bibliographies  appended  to  several  of  the  chapters,  and  a  satisfactory 
index. 

Warmetheorie  unu  hire  Beziehungen  zur  Technik;  und  Physik,  Wegner 
von  Dalhvitz.     Berlin,  1912. 

UBER     WaRMEIJBERGANG     AUF     RUHIGE     ODER    DEWEGTE     LUFT     SOWIE     LUFTUNG 

UND  KiiiiLUNG  elektrischer  Maschinen,  lAidwig  Binder.     Halle  a.  8., 
■1911. 
Webb's    Academy   and    Home    for    Shipbuilders.       Annual    Report,    1911. 
New  York,  1911.    Gift  of  the  academy. 

UNITED    ENGINEERING    SOCIETY 

Guide  to  the  Technological  Museum,  Sydney,  N.  S.  W.      Sydney,  1910. 

Gift  of  the  museum. 
Illumination  of  People's  Gas  Building,  Chicago.      A  paper  by  Chas.  A. 

Luther,  read  before  the  Illinois  Gas  xVssociation  March  20,  1912.     Gift 

of  People's  Gas  Light  &  Coke  Co. 
Kaiserliciie  Marine  Deutsche  Seewarte.      Jahresbericht  iiber  die  Tiitig- 

keit   der  Deutschen    Seewarte.      33,   34,    1010-1911.      Uainhurg,   1911- 

1912.      Gift  of  Annalen  der  Hydr()graphi(>. 
Present  State  of  the  Eucalyptus  Oil  Industry,  Henry  G.  Smith.     1911. 

Gift  of  the  author. 
Truth  About  Mr.  Rockefeller  and  the  Merritts,  F.  T.  Gates.      Gift  of 

the  author. 
Vitrified  Brick  Pavements  for  City   Streets  and  Country  Highways. 

Gift  of  National  Paving  Brick  Manufacturers'  Association. 

EXCHANGES 

American  Society  ok  Civil  Engineers.     Transaclions,  vol.  74.      Neiv  York, 

1911. 
Canadian    Society  of  Civil  Engineers.      Charter,  By-Laws  and   List  of 

Members,  1912.      Montreal,  1912. 
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Institution  of  Cn'ii.  Engineers.  Minutes  of  Proceedings,  vol.  187.  Lon- 
don. 1912. 

Society  of  Naval  Architects  and  Marine  Engineers.  Transactions,  vol. 
19,  1911.      A<?/c  York,  1911. 

TRADE    CATALOGUES 

W.  O.  Amseh,  J'iftshiin/li,  Pa.  Gas  producers  with  cost  and  operation, 
34  pp. 

Hardie-Tynes  Co.,  Birminghctm,  Ala.      Heavy  duty  Corliss  engine.  32  pp. 

McEwEN  Bros.,  Wellsville,  N.  Y.     I'unips  for  steam  turbine  drive,  10  pp. 

Pawling  &  Harnischfeger  Co.,  Milwaukee,  Wis.  Cutting  the  cost  of  lum- 
ber production.  G3  pp. 

Westinghouse  Machine  Co.,  East  PiUshurgh,  Pa.  Turbo-alternators,  39 
pp. 

Wm.  Wharton,  Jr..  &  Co.,  Philadelphia,  Pa.  Cat.  12.  Manganese  steel 
and  records  of  Wharton  manganese  steel  track  work,  300  pp. 

T.  B.  Wood's  Sons  Co.,  Chamhcrslnirg,  Pa.  Power  transmission  appli- 
ances, 242  pp. 
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I.  E.  MOULTROP  (5) 


Note — Numbers  in  parentheses  indicate  number  ot  years  the  member  haa  yet  to  serve. 


990 


Membership 

G.  J.  FORAN  (1).  Chmn. 

H.  WEBSTER  (2) 

T.  STEBBINS  (3) 

W.  H.  BOEHM  (4) 

H.  C.  MEYER.  JR.  '5) 


STANDING  COMMITTEES 

(Continued) 

Library 

L.  WALDO  (5),  Chmn. 
W.  M.  McFARLAND  (1) 
C.  L.  CLARKE  (2) 
ALFRED  NOBLE  (3) 
E.  G.  SPILSBURY  (4) 


House 

F.  BLOSSOM  (1),  Chmn. 
E.  VAN  WINKLE  (2^ 
H.  R.  COBLEIGH  (3) 
S.  D.  COLLETT  (4> 
W.  N.  DICKINSON  (5) 


Research 
R.  H.  RICE  (5^  Chmn. 
R.  D.  MERSHON  (1) 
W.  F.  M.  GOSS  (2) 
A.  L.  De  LEEUW  (3) 
R.  C.  CARPENTER  (4) 


Public  Relations 
3.  M.  DODGE  (4),  Chmn. 
D.  C.  JACKSON  (1) 
J.  W,  LIES,  JR.  (2) 
F.  J.  MILLER  (3) 
WORCESTER  R.  WARNER  (5) 


John  Fritz  Medal 
W.  F.  M.  GOSS  (1) 
H.  R.  TOWNE  (2) 
J.  A.  BRASHEAR  (3) 
F.  R.  HUTTON  (4) 


SOCIETY  REPRESENTATIVES 

A.A.A.S. 
Trustees  U.  E.  S. 

JESSE  M.  SMITH  (1) 
A.  C.  HUMPHREYS  (2) 
F.  J.  MILLER  (3) 


A.  C.  HUMPHREYS 
H.  G.  REIST 

/.  A.  for  T.M. 

CHARLES  KIRCHHOFF 
LAURENCE  BENET 


Library  Conference  Com- 
mittee 
LEONARD  WALDO 


Engineering  Education 
A.  C.  HUMPHREYS 
F.  W.  TAYLOR 


Increase  of  Membership 
I.  E.  MOULTROP,  Chmn. 
C.  W.  AIKEN 
W.  T.  DONNELLY 
J.  P.  ILSLEY 
H.  S.  WYNKOOP 
ROBT.  M.  DIXON 
E.  B.  KATTE 

Sub-Committee  on  Steam, 

Research  Committee 
R.  H.  RICE.  Chmn. 
C.  J.  BACON 
E.  J.  BERG 
W.  D.  ENNIS 
L.  S.  MARKS 
J.  F.  M.  PATITZ 


SPECIAL  COMMITTEES 

Power  Tests 

D.  S.  JACOBUS.  Chmn. 

G.  H.  BARRUS,  Vice-Chmn. 

E.  T.  ADAMS 

L.  P.  BRECKENRIDGE 

W.  KENT 

E.  F.  MILLER 

ARTHUR  WEST 

A.  C.  WOOD 


Conservation 
G.  F.  SWAIN,  Chmn. 
C.  W.  BAKER 
L.  D.  BURLINGAME 
M.  L.  HOLMAN 
CALVIN  W.  RICE 


Student  Branches 

F.  R.  HUTTON,  Chmn. 

Refrigeration 

D.  S.  JACOBUS 

A.  P.  TRAUTWEIN 

G.  T.  VOORHEES 
P.  De  C.  BALL 

E.  F.  MILLER 

Sub-Committee  on  Safety 
Valves,  Research 
Committee 
P.  G.  DARLING 
H.  D.  GORDON 

E.  F.  MILLER 

F.  L.  PRYOR 
F.  M.  WHYTE 


Not* — Numbers  in  parenthes<;8  indicate  Qiimber  of  yi'sra  the  member  has  yet  to  serve. 
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SPECIAL  COMMITTEES 


Involute  Gears 
W.  LEWIS,  Chmn. 
H.  BILGRAM 
E.  R.  FELLOWS 
C.  R.  GABRIEL 
G.  LANZA 

Engineering  Standards 
HENRY  HESS,  Chmn. 
J.  H.  BARR 
CHAS.  DAY 

Tellers  of  Election 
W.  T.  DONNELLY 
G.  L.  HOXIE 
T.  STEBBINS 

Flanges 

H.  G.  STOTT,  Chmn. 

A.  C.  ASHTON 

W.  M.  McFARLAND 

WM.  SCHWANHAUSSER 

J.  P.  SPARROW 


(Continued) 

Standardization  of 
Catalogues 

WM.  KENT,  Chmn. 
J.  R.  BIBBINS 
M.  L.  COOKE 
W.  B.  SNOW 

Pipe  Threads 

E.  M.  HERR,  Chmn. 
W.  J.  BALDWIN 

G.  M.  BOND 

S.  G.  FLAGG,  JR. 

Society  History 
J.  E.  SWEET,  Chmn. 
H.  H.  SUPLEE 

F.  R.  HUTTON.  Secy. 
Standard  Cross-Section 

Symbols 

H.  deB.  PARSONS,  Chmn. 
F.  deR.  FURMAN 
A.  E.  NORTON 
BRADLEY  STOUGHTON 
JOHN  W.  UPP 


Committee  to  Formulate 
Standard  Specifications 
for  the  Construction  of 
Steam  Boilers  and  other 
Pressure  Vessels  and  for 
Care  of  Same  in  Service 

J.  A.  STEVENS,  Chmn. 

W.  H   BOEHM 

R.  C.  CARPENTER 

R.  HAMMOND 

C.  L.  HUSTON 

C.  H,  MEINHOLTZ 

E.  F.  MILLER 

Constitution  and  By-Laws 
JESSE  M.  SMITH,  Chmn. 
GEORGE  M.  BASFORD 

F.  R.  HUTTON 

D.  S.  JACOBUS 

E.  D.  MEIER 


Nominating  Committee 
AMBROSE  SWASEY,  Chmn.  W.  B.  GREGORY.  New  Orleans,  La. 

Cleveland,  O.  JOHN  HUNTER,  St.  Louis,  Mo. 

A.  E.  CLUETT,  Troy,  N.  Y.  WM.  SCHWANHAUSSER,  New  York,  N.  Y. 

INTERNATIONAL  CONGRESS  OF  NAVIGATION 

Official  Delegate,  WM.  T.  DONNELLY 

Committee  on  Reception  to  Delegates 
CHARLES  WHITING  BAKER,  Chmn.     T    C.  MARTIN 
E.  L.  CORTHELL  W.  M.  McFARLAND 

J.  W.  LIEB,  Jr. 
GEO.  B.  MASSEY 


E.  E.  OLCOTT 

H.  deB.  PARSONS 

JESSE  M.  SMITH 

STEVENSON  TAYLOR 


E.  D.  MEIER 


Committee  on  Cooperation  ivilh  Engineering  Societies 
Kelvin  Memorial  Committee 


C.  W.  BAKER 


ALEX.  C.  HUMPHREYS 
JESSE  M.  SMITH 


C  E.  LUCKE  (n,  Chmn. 
H.  deB.  PARSONS   (2) 


E.  F.  MILLER,  Chmn. 
R.  E.  CURTIS.  Secy. 


MEETINGS  OF  THE  SOCIETY 
The  Committee  on  Meetings 

H.  L.  GANTT  (5) 
Meetings  of  the  Society  in  Boston 


IRA  N.  HOLLIS 
CALVIN  W.   RICE 


W.  E.  HALL  (3) 
H.  E.   LONGWELL  (4) 


HENRY  BARTLETT 
GEO.  F.  SWAIN 


R.  H.  RICE 

Meetings  of  the  Society  in  New  York 
F.  H.  COLVIN,  Chmn. 
F.  A.  WALDRON,  Secy-Treaa. 

H.  R.  COBLEIGH 

Note — Numbers  in  parentheses  tadicate  number  of  years  the   member  has  yet  to  serve 
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E.  VAN  WINKLE 
R.  V.  WRIGHT 


MEETINGS  OF  THE  SOCIETY 


E.  L.  OHLE,  Chmn. 

F.  E.  BAUSCH,  Secy 


M.  HUNT.  Chmn. 
W.  RANSOM.  Secy. 


(Continued) 

Meetings  of  the  Society  in  St.  Louis 

J.  HUNTER 
Meetings  of  the  Society  in  San  Francisco 

E  C.  JONES 
Meetings  of  the  Society  in  Philadelphia 


M. 


L   HOLMAN 
R.  H.  TAIT 


A.  C.  JACKSON,  Chnm. 
D.  R.  YARNALL,  Secy. 


T.  MOURIN 
W.  F.  DURAND 


J.  E.  GIBSON 
W.  C.  KERR 


L.  P. 


BRECKENRIDGE 
F.  L.  BIGELOW 


AMBROSE  SWASEY,  Chmn. 
R.  H.  FERNALD,  Vice-Chmn. 
F.  W.  BALLARD,  Secy. 

R.  B.  SHERIDAN,  Chmn. 
J.  D.  COX 

R.  H.  FERNALD,  Chmn. 
W.  R.  WARNER 
S..T.  WELLMAN 

E.  P.  ROBERTS,  Chmn. 
H.  M.  LANE 


E.  P.  ROBERTS 

G.  E.  MERRYWEATHER 

A.  G.  McKEE 

GEORGE  BARTOL 
E.  H.  WHITLOCK 


T.  C.  McBRIDE 
Meetings  of  the  Society  in  New  Haven 
E   S.  COOLEY.  Chmn. 
E.  H.  LOCKWOOD,  Secy.  H.  B.  SARGENT 

Local  Committee — Semi-Annual  Meeting  in  Cleveland 
Executive  Committee 

R.  B.  SHERIDAN,  Treas. 

W.  R.  WARNER 

S.  T.  WELLMAN 

Finance  Committee 

A.  B.  McNAIRY 

A.  WARD  FOOTE 

Entertainment  Committee 

C.  F.  BRUSH 

F.  A.  COLEMAN    . 

C.  E.  POPE 

Publicity  Committee 

R.  I.  CLEGG 

DAVID  GAEHR 

Transportation  Committee 
G.  E.  MERRYWEATHER,  Chmn. 
S.  A.  HAND  G.  R.  WADSWORTH 

Committee  on  Accommodations 
A.  G.  McKEE,  Chmn. 
H.  M.  LUCAS  W.  J.  REILLY, 

Sub-Committees  of  the  Committee  on  Meetings 
Textiles 
CHARLES  T.  PLUNKETT.  Chmn.  Administration 

EDWARD  W.  THOMAS.  Secy.  j.  M.  DODGE,  Chmn. 

DANIEL  M.  BATES  D.  M.  BATES 

JOHN  ECCLES  H.  A.  EVANS 

EDW.  W.  FRANCE  W.  LEWIS 

EDWARD  F.  GREENE  W.  L.  LYALL 

FRANKLIN  W.  HOBBS  W.  B.  TARDY 

C.  R.  MAKEPEACE  H.  R.  TOWNE 

C.  H.  MANNING  H.  H.  VAUGHAN 
HENRY  F.  MANSFIELD 


H. 

H.  HILL 

S. 

R.  SAGUE 

H. 

F.  STRATTON 

G. 

R.  MURRAY 

F. 

H.  VOSE 

H. 

.  B.  ANDERSON 

C. 

C.  ROBBINS 

A. 

H.  BATES 

E. 

C.  PECK 

F.  W.  KELLEY.  Chmn. 
3.  G.  BERGQUIST  V-Chmn. 
P.  H.  WILSON 
W.  R.  DUNN 

F.  E.  ROGERS,  Chmn. 
L.  D.  BURLINGAME 
W.  L.  CLARK 
W.  H.  DIEFENDORF 


Cement    Manufacture 
MORRIS  KIND 
F.  H.  LEWIS 
W.  H.  MASON 
R.  K.  MEADE 
Machine  Shop  Practice 
A.  L.  DeLEEUW 
F.  L.  EBERHARDT 
F.  A.  ERRINGTON 
A.  A.  FULLER 


EJNAR  POSSELT 
H.  J.  SEAMAN 
H.  STRUCKMANN 
A.  C.  TAGGE 

H.  D.  GORDON 
H.  K.  HATHAWAY 
E.  J.  KEARNEY 
WM.  LODGE 
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OFFICERS 
Chairman 
H.  J.  K.  FREYN 

Gas  Power 
Executive  Commiitee 
F.  K.  HUTTON  (1).  Chmn. 
F.  R.  LOW  (3) 
I.  E.  MOULTROP  (5) 
MAX  ROTTER  (1) 
H.  F.  SMITH  (1) 
H.  II.  SUPLEE  (2) 
H.  E.  LONGWELL  (l) 


OF  THE  GAS  POWER 

Gas  Power 
Lileralure  Commitlee 

R.  B.  BLOEMEKE,  Chmn. 

A.  W.  II.  GRIEPE 

H.  S.  ISHAM 

J.  MAIBAUM 

W.  F.  MONAGHAN 

W.  S.  MORRISON 

S.  I.  OESTERREICHER 

S.  O.  SANDELL 

H.  G.  WOLFE 

N.  J.  YOUNG 


SECTION 

Secretary 
GEO.  A.  ORROK 

Gas  Power 

Membership  Committee 

A.  F.  STILLMAN.  Chmn. 

H.  V.  O.  GOES 

J.  H.  LAWRENCE 

F.  S.  KING 

J.  H.  NORRIS 

G.  M.  S.  TAIT 
J.  D.  SHAW 

H.  W.  ANDERSON 
C.  D.  SMITH 


Gas  Power  Committee  on  Meetings 

WM.  T.  MAGRUDER,  Chmn.     E.  D.  DREYFUS  NISBET  LATTA 

W.  H.  BLAUVELT  A.  H.  GOLDINGHAM  H.  B.  MACFARLAND 

OFFICERS  OF  AFFILIATED  SOCIETY 

Providence  Association  of  Mechanical  Engineers 
T.  M.  PHETTEPLACE,  Pres.  W.  H.  PAINE,  Vice-Pres. 

J.  A.  BROOKS,  Secy.  A.  H.  WHATLEY.  Treaa. 

OFFICERS  OF  STUDENT  BRANCHES 


INSTITUTION 

DATE 
AUTHORIZED 
BY  COUNCH- 

HONORARY 
CHAIRMAN 

CHAIRMAN 

CORRES  PONDINO 
SECRETARY 

Stevens  Inst,  of  Tech. 

Dec.  4,  1908 

Alex.C.  Humphreys 

J.  H.  Vander  V'cer 

J.  Strauss 

Cornell  University 

Dec.  4,  1908 

R.  C.  Carpenter 

S.  D.  Mills 

D.  S.  Wegg,  Jr. 

Armour  Inst,  of  Tech. 

Mar.  9, 1909 

G.  F.  Gebhardt 

E.  R.  Burley 

H.  R.  Kuehn 

LelandStanfordJr.Univ. 

Mar.  9, 1909 

W.  F.  Durand 

C.  W.  Scholefield 

V.  W.  Winter 

Brooklyn  Poly.  Inst. 

Mar.  9, 1909 

W.  D.  Ennis 

A.  Seubert 

G.  W.  Weitlauf 

Purdue  University 

Mar.  9, 1909 

L.  Jones 

H.  E.  Sproull 

Universit.v  of  Kansas 

Mar.  9,  1909 

P.  F.  Walker 

V.  H.  HiUord 

L.  L.  Browne 

New  York  University 

Nov.  9,  1909 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

Univ.  of  Illinois 

Nov.  9,  1909 

W.  F.  M.  Goss 

L.  G.  Smith 

C.  A.  Schoessel 

Penna.  State  College 

Nov.  9,  1909 

J.  P.  Jackson 

J.  A.  Kinney 

H.  S.  Rogers 

Columbia  University 

Nov.  9,  1909 

Chas.  E.  Lucke 

N.  E.  Hendrickson 

W.  E.  Rupreeht 

Mass.  Inst,  of  Tech. 

Nov.  9,  1909 

E.  F.  Miller 

J.  G.  Russell 

J.  B.  Farwell 

Univ.  of  Cincinnati 

Nov.  9, 1909 

J.  T.  FaJg 

C.  J.  Malone 

J.  H.  Schneider 

Univ.  of  Wisconsin 

Nov.  9, 1909 

A.  G.  Christie 

W.  D.  Moyer 

II.  C.  Prochazka 

Univ.  of  Missouri 

Dec.  7,  1909 

H.  Wade  Hibbard 

A.  C.  Edwards 

F.  I.  Kemp 

Univ.  of  Nebraska 

Dec.  7,  1909 

J.  D.  Hofifman 

B.  R.  Beckwith 

W.  H.  Noelting 

Univ.  of  Maine 

Feb.  8.  1910 

Arthur  C.  Jewett 

A.  H.  Blaisdell 

W.  B.  Emerson 

Univ.  of  Arkansas 

Apr.l2,  1910 

B.  N.  Wilson 

J.  A.  Dickinson 

W.  B.  Gardner 

Yale  University 

Oot.ll.  1910 

L.  P.  Breokenridge 

F.  M.  Jones 

W.  St.  C.  Childs 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Jr. 

W.  D.  Small 

O.     A.   Van  Den- 
burgh,  Jr. 

State  Univ.  of  Ky. 

Jan.  10,  1911 

F.  P.  Anderson 

J.  W.  Gary 

J.  T.  Lowe 

Ohio  State  University 

Jan.lO,  1911 

E.  A.  Hitchcock 

J.  P.  Stewart 

H.  F.  Belt 

Waaliington  University 

Mar.10,1911 

"E.  L.  Ohle 

E.  Dougherty 

E.  L.  Lacoy 

Lehigh  University 

June  2,  1911 

H.  A.  S.  Howarth 

E.  E.  Finn 

Nevin  H.  Guth 

Univ.  of  California 

Feb.13,  1912 

Joseph  N.  LeConte 

G.  M.  Simonson 

G.  H.  Hagar 
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THE  WARNER  &   SWASEY   COMPANY 

Woi'ks  and  Main  Office:    Cleveland,  U.S.A. 

Branch  Offices:    New  York,     Boston,    Chicago    and     Detroit 

Upwards  of  thirty  years  tlcvotctl  to  the  luaimfacture  of  Machine  Tools  of  the  highest 
onler^UNIVERSAL  HOLL(nV-HEX  \GON  TURRET  LATHES,   TURRET  SCREW 

M AC  iiixEs  AXD  Brass-working  Machine  Tools. 


ANOTHER  ACHIEVEMENT 


WOODS  AUTOMATIC  FEEDING  TABLE 

Heretofore  no  feeder  could  feed  lumber  into  a 
planer  at  200  lineal  feet  per  minute  and  keep 
the  boards  butting,  but  with  this  table  any 
feeder  can  maintain  a  continuous  feed  varying 
from  200  to  300  feet. 
This  is  an  accessory  of 
''THE  PLANERS  OF  WOODS'' 


=ri^^ 


S  A  WOODS  MACHINE  CO  Boston  USA 


CHICAGO 
NORFOLK 


SEATTLE 
NEW  ORLEANS 


SAN  FRANCISCO 
(Eby  Mchy.  Co.) 


HARTNESS  FLAT  TURRET  LATHE 

Turret  Description 

THE  turret  is  a  flat  circular  plate;  it  is  mounted  on  a 
low  carriage  containing  controlling  mechanism. 
The  connections  of  the  turret  to  the  carriage,  and  the 
carriage  to  the  lathe  bed,  are  the  most  direct  and  rigid, 
affording  absolute  control  of  the  cutting  tools.  The  tur- 
ret is  accurately  surfaced  to  its  seat  on  the  carriage  by 
scraping,  and  securely  held  down  on  that  seat  by  an  an- 
nular gib.  In  the  same  manner  the  carriage  is  fitted  to 
the  Vs  of  the  bed;  the  g'lhs  pass  under  the  outside  edge 
of  the  bed. 

The  index  pin  is  located  directly  under  the  working 
tool  and  so  close  to  it  that  there  can  be  no  lost  motion 
between  the  tool  and  the  locking  pin.  The  turret  is 
turned  automatically  to  each  position  the  instant  the 
tool  clears  the  work  on  its  backward  travel,  and  it  is  so 
arranged  that  b>^  raising  and  lowering  trip  screws  near 
the  center  of  the  turret,  it  may  be  turned  to  three,  four 
or  five  of  the  six  places  without  making  any  other  stops. 

A  simple,  accurate  stop  mechanism  for  the  turret 
slide  provides  twelve  independently  adjustable  stops, 
two  for  each  of  the  six  positions  of  the  turret,  or  any 
other  division  required  by  the  operator. 

The  feeding  mechanism  for  the  turret  slide  and  the 
cross-feeding  head  receives  its  power  through  a  speed- 
varying  device  which  is  under  the  convenient  control  of 
the  hand  wheel  at  head  end  of  bed.  One  revolution  of 
this  wheel  gives  the  full  range  of  feeds,  from  drilling 
feed  of  120-per-inch  to  coarse  turning  feed  of  lo-per- 
inch,  and  every  intermediate  feed. 

A  spring  tore  weighing  device  on  the  feed  rod  gives 
the  pulling  power  of  this  feed  mechanism  a  known 
value.  This  device  yields  at  a  certain  predetermined 
pressure. 

In  operation  the  carriage  is  fed  forward  until  it  reaches 
one  of  the  stops,  against  which  it  is  held  by  this  prCvSsure 

sp,i„sfieid.  vt.       j^^gg  ^  Lamson 


U.  S.  A. 


Germany,  Holland,  Belgium.  Switzerland,  Austria-Hungary, 
M.  Koyermann,  Charlottensttasse  112,  Dusseldorf,  Germany 


till  disengaged  by  the  operator.  Arresting  the  feed 
without  releasing  the  carriage  gives  the  tool  a  chance 
to  accurately  face  the  shoulder,  leaving  a  smooth  sur- 
face instead  of  the  ragged  face  left  when  carriage  is 
released  under  full  cut. 

It  has  been  the  practice  heretofore  to  arrange  the  positive  stop 
a  thirty-second  of  an  inch  beyond  the  knock-off  for  the  feed,  and 
in  the  usual  operation  of  a  machine  of  this  kind  die  feed  knocks 
off,  and  then  the  turret  sUde,  released,  jumps  back,  and  the  tool 
digs  in,  cutting  a  slight  groove  just  back  of  the  shoulder.  When  on 
work  requiring  exact  shoulder  distances  or  smoothly-finished  shoul- 
ders, the  operator  brings  the  slide  against  the  positive  stop,  hold- 
ing it  there  with  as  nearly  as  possible  uniform  pressure  until  the 
turner  has  surely  faced  its  full  length.  In  the  present  machine  the 
turret  is  always  fed  against  the  positive  stop  and  held  there  with 
a  uniform  pressure,  insuring  the  most  accurate  results  for  shoulder 
length. 


/ 


*7S-  1^ 


l^S^^   \X^     '^l^- 


Extracts  froin    the    book    of   the    Hartness    Flat    Turret 
Lathe.     Copies  of  the  book  mailed  on  request. 

Machine  Company  ^rErifa.^; 

France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11 
Rue  des  Envierges,  Paris      Italy,  Adler  &  Eisenchitz,  Milan 


Westinghouse   Synchronous  Motors 

form  the  most  satisfactory 
and   economical   drive   for 

Compressors 

Let  us  tell  you  why  direct-connected  Westinghouse  self-starting 
synchronous  motors  form  the  ideal  drive  for  compressors.  Let 
us  prove  to  you  that  the  following  statements  are  true: 


These  motors  cost  least  to  install. 
They  save  floor  space. 
Their  efficiency  is  the  highest. 
Maintenance  expense  is  minimum. 
Transmission  losses  aie  eliminaterl. 


First  cost  of  these  motors  is  about  the 
same,  and  in  large  sizes  less,  than 
other  types  of  motors. 

They  ivill  actually  reduce  your  power  ex- 
pense whether  you  make  or  purchase 
your  power. 


Write  at  once  to  Dept,  6  for  com- 
plete information  on  Westinghouse 
Synchronous  Motors  and  their  ad- 
vantages  for    use   with   compressors. 

Westinghouse  Electric  &  Manufacturing  Co. 

Sales   Offices  in   45  American   Cities  East    Pittsburgh,    Pa. 


(Outside  view) 


(Open) 


(Closed) 


NELSON  Blow-off  Valve 


No  seats.     No  discs. 

Easy  flow,  as  through  a  regular  ell. 

When  wide  open  plunger  strikes  Col- 
lar (7). 

When  closed  projection  (4)  limits 
travel. 

Yoke  is  rigidly  bolted  to  the  body, 
with  machined  joints  and  drilled  holes, 
always  in  accm'ate  alignment,  causing 
easy  sliding  operation  of  plunger. 

Packing  1.3  is  compressed  by  bolted 
gland  14;  packing  9  is  compressed  by 
sleeve  10  by  means  of  nut  11,  which  is 
turned  by  lever  wrench  12. 

Adjustment  of  either  packing  is  di- 


rect, inde-pendent,  takes  only  an  instant 
and  is  required  only  occasionally. 

Packing  is  especially  adapted  to  its 
work  and  has  very  long  life. 

The  opening  is  slow,  allowing  the  pipe 
and  fittings  to  heat  gradually. 

Keeps  clean,  no  places  for  scale  or 
dirt  to  collect. 

Keeps  tight,  saves  water  and  coal,  no 
trouble. 

Guaranteed.  Catalogue  on  request. 
Correspondence  invited. 

Sizes  U"  to  3",  Iron  Body  for  300 
lbs.  working  pressure.  Steel  for  ex- 
treme service.  Also  made  in  Straight- 
way type. 


We  make  nothing  but  valves,  but  we  make  all  sizes,  for  a»y  pres- 
sure, for  every  purpose — Gates,  Globes,  Angles,  Checks  and  Blow- 
offs.     High  grade  valves  exclusively.     N'o  competition  stuff  whatever. 

Nelson  Valve  Company 


New  York 

30  Church  St. 

San  Francisco 

22  Battery  St. 


Philadelphia 


Pittsburgh 

517  Libert\'  Ave, 


Minneapolis  Butte 

622  Andrus  Bldg.     56  E.  Broadwa.\- 


Chicago 
7  West  Kinzie  St. 
Montreal 
12-14  University  St. 


THE 

M^CASLIN 
CONVEYOR 


MEAD -MORRISON 

MANUFACTURING  COMPANY 

I  ^HE  McCaslin  Noiseless  Overlapping 
^  Gravity  Bucket  Conveyor  is  the  supe- 
rior of  any  similar  device  offered  to-day  for 
the  conveying  of  Coal,  Ashes,  Hot  Clinker, 
etc.,  in  Power  Stations  or  Cement  Mill 
Service.     Correspondence  invited, 

WORKS  AND  GENERAL  OFFICES 

Cambridge,     Mass. 


New  York 

Chicago 

Baltimore, 


149  Broadway 
Monadnock  Block 
!i  Equitable  Building 
Montreal 


Pittsburg,  io8  Parkway,  N.  S. 

San  Francisco     Metropolis  Bank  Bldg. 
New  Orleans    -     no  North  Peters  St. 
286  St.  James  St. 


Study  the  Advantages  of  this 
Short  Belt  Drive  "Imperial" 

It  is  a  simple  floating  idler  placed  on  a  very  short  belt  — not  a  belt  tightener — 

giving  the  following  advantages: 
Gives  greatest  possible  belt  contact. 
Initial  strain  on  belt  due  to  tension  is  relieved. 
Eliminates  excessive  pressure  on  bearings. 
Lengthens  the  life  of  the  belt. 

Minimizes  slippage  without  increasing  tension  by  increasing  belt  contact. 
Affords  a  compact  unit  comparing  favorably  with  the  direct-connected  style 

of  drive. 
Lower  in  first  cost  than  direct-connected  units,  because  it  uses  standard 

motors. 

Consider  what  these  advantages  mean  to  you,  when  combined  with  the  following 
"Imperial"  features: 
A  compact,  self-contained,  accessible  design. 
Wholly  enclosed,  dust-proof  construction. 
Automatic  flood  lubrication. 

Corliss  Inlet  and  Direct  Lift  discharge  valves,  mechanically  perfect. 
Complete  cooling  and  intercooling. 
Highest  mechanical  and  compression  efficiency. 

Is  not  the  "Imperial"  Short  Belt  Drive  just   the  unit  you  are  looking 
for,  for  your  plant  ? 

NEW  YORK  INGERSOLL-RAND  CO.  London 

Offices  in  All  Principal  Cities  of  the  World. 
Compressors  Air  Tools  Air  Hoists  Sand  Rammers 


MANUFACTURING    PLANT 
FOR    SALE 


Sandusky,  Ohio,  ha-^  be^t  Harbor  on  Lake  Erie,  has  five  railroads,  fine 
schools,  churches  and  a  splendid  park  system.  Has  finest  bathing  beaches  and 
Pleasure  Resorts  on  fresh  waters. 

The  Business  Men's  Association  has  given  substantial  aid  to  several  new 
industries  the  past   few  years. 

The  plant  above,  80  ft.  x  196  ft.,  with  separate  smith  shop  and  .storage  shed-, 
with  plenty  of  room  for  expansion,  may  be  had  at  a  price  almost  a  gift.  Rail- 
road switches,  front  and  rear,  steam  plant  and  engine  and  heating  system,  50 
H.  P.  Natural  Ga-  engine,  shafting,  etc.,  ready  to  run,  with  considerable  num- 
ber of  machine  tools  if  de-;ired.  Adjoin^  fine  foundry.  Positively  the  cheapest 
plant  to  operate  in  the  country.  Reason  for  sale,  have  purchased  and  now 
occupy  much  larger  i)lant. 

If  you  want  to  start  a  bu-;iuess,  write  us. 

THE  SANDUSKY  FOUNDRY  AND    MACHINE  CO. 

SANDUSKY,   OHIO 


Mesta  Machine  Company 


PITTSBURGH,   PA. 


Twin  Tandem  Cross  Compound  Corliss  Engine  Built  by  Mesta  Machine  Co. 

Steam  and   Gas  Engines 

Air  Compressors,  Condensers 

Steam  Hydraulic  Forging  Presses 

Cut  and  Machine  Molded  Gears 

Rolling  Mill  Machinery 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   >vith    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Typ8 
LARGE   SIZES— Four   Column   Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

UANTJITACTURED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK  BUILDING PITTSBURG.   PA 
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Ridg'way  Units 

TKe  Units  of  Unlimited   Possibilities 


Tlieir  de^^ign  .show.s  careful  consideration  of  the  features  essential  to 
successful  operation  —  low  steam  consumption,  high  electrical  efficiency, 
reliability,  and  low  maintenance  expense. 

Ridg'^w^ay   Dynamo    (Si   Eng'ine   Co. 

Ridg'way,   Pa. 


Nash  Gas  Engines 

Operating  on  Producer 
Gas  furnish  the  most  Eco- 
nomical power  obtainable. 

Preferred  for  all  reli- 
able power  requirements. 
Exceedingly  close  regula- 
tion combined  with  great 
economy. 

Operate  on  Gas,  Gaso- 
line, Producer  Gas,  etc. 

Sizes:  6  to  425  H.  P. 
~   '  ""         ~  Send  Jor  Catalogue 

Makers  of  the  world  famous  Water  Meiers:  Crown,  Empire,  Nash,  Gem,  Premier 

NATIONAL  METER  COMPANY 

E'«™«<i    84  CHAMBERS  STREET,  NEW  YORK  ■'"'"■gK""«>' 

Chicago        Boston       Pittsburg        San  Francisco       Cincinnati        Los  Angeles 
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BALL  CORLISS  ENGINE 

With  Non-Detaching  Valve  Gear 

It  was  the  arop  cut-off  gear  which  made  the  Corliss  Engine  successful  and  economical  for  slow  spt-eds. 

The  feature  which  distinguishes  our  High  and  Medium  Speed  Engines  and  makes  them  superior  to 
all  other  four-valve  engines  is  our  patenled  non-detaching  valve  gear. 

This  gear  by  positive  action  gives  the  valves  the  same  movement  that  the  drop  cut-off  of  the  slow 
speed  Corliss />roJi<ifs  by  picking  up  and  dropping  them.  ,,    ,,      ,         ,  ,      ,        ,, 

The  valve  gear  opens  and  closes  the  valves  at  the  proper  time,  and  holds  the  valves  absolutely  sttll 
dunng  over  half  a  revolution.  ,       ....  ,    .  ,  .... 

The  valves  are  given  the  movement  necessary  for  the  greatest  durability  and  tightness,  and  the  besa 
form  of  valve  is  made  possible.  ... 

This  engine  marks  the  extreme  limit  of  excellence  so  far  reached  m  economy  and  quiet  runnmg. 

BALL  ENGINE  CO.,  Erie,  Penn. 


STEAMI 


GAS 


BUCKEYE  GAS  ENGINES 

Owing  to  the  governing  system  the  regulation  equals  that  of  any 
modern  steam  engine,  insuring  successful  parallel  operation. 
The  mixing  apparatus  is  a  combination  of  quantity  and  quality 
control,  the  double  ignition  system  is  simple  and  easily  adjusted, 
the  water  cooling  system  is  the  most  efficient  devised.  Built  in 
horse  powers  from  50  up,  for  Natural,  illuminating  or  producer  gas. 
Send  for  catalog. 

BUCKEYE  ENGINE  COMPANY 

,  SALEM,   OHIO 


GAS 


STEAM 
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THe    Improved 

Murphy  Automatic   Furnace 

For  over  30  years  the  leading  Automatic  Stoker — Over  1.500,000  HP.  in  operation 


Founded 

1S78 


I  XITED  EL1;(;T1(IC   light  CO.,   SPRINGFIELD,   NLVSS. 

1st  order  Seot..   1903—  900  H.P.  3rd  order  Mar..   1907—2400  H.P. 

2nd    ••  "••       1904—1900  H.P.  4th      "       Jan.     1910—2400  H.P. 

MURPHY  IRON  WORKS,  Detroit,  Mich.      '""^T"' 


U.S. 

Automatic 
Injectors 


They  give  100  per  cent  efficiency — are  easy  to  operate,  have  unusually  wide 
range,  never  "break"  through  jarring,  are  absolutely  automatic,  always. 

Ask  your  dealer  to  sliow  you  the  U.  S.  Automatic  Injector.  Study  its  construc- 
tion. Note  the  Disc  Valve  on  the  Deliver.v  Tube,  the  Overflow  Valve  and  the 
Drip  Cock.  These  are  improvements  in  Injector-making  that  bespeak  "U.  S." 
.superiority  anywhere  and  under  any  condition. 

We  want  to  send  .vou  tlie  "Engineer's  Red  Book"  and  Catalog  "L."  You'll 
find  them  a  wonderful  help  in  .solving  general  boiler-room  problems.  Send  us  your 
name  and  address. 

American  Injector  Company 


DETROIT 


184  Fourteenth  Ave., 


MICH. 
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Hamilton  Corliss   Gravity  Valve    Gear 


is  the  best  on  the  market  because:  it  is  compact  and  simple  and  has  lew  working  parts — will  operate 
noiselessly  and  positively  at  speeds  up  to  175  R.P.M. — is  actually  a  gravity  gear,  the  latch  drop- 
ping into  contact  without  the  necessity  of  springs — the  latch  and  cam  levers  are  steel  forgings, 
absolutelv  safe  against  breakage. 

SEND  FOR  BULLETIN  "F" 

The  Hooven,  Owens,  Rentschler  Co.,  Hamilton,  Ohio 


BALANCED  DRAFT  SYSTEM 

OF 

FURNACE  REGULATION 

A   Scientific   System  for   Ensuring  the  Greatest  Economy  in   the 

Combustion  of  Fuel  in  Boilers — 
Balances  your  Draft,  Automati- 
cally Regulates  your  Air  Supply, 
for  All  Rates  of  Combustion.  It 
individuaUzes  your  boiler  units, 
making  each  unit  work  up  to  its  pro 
rata  share  of  the  total  output  of  the 
plant — gives  a  regulation  of  the  air 
supply  with  respect  to  the  thick- 
ness of  fuel  bed  in  each  boiler. 

"It  Makes  Firing  Easy." 

FOREIGN  LICENSEES: 

Hotchkiss  &  Cie,  Paris,  France. 

Thwaites  Bros.,  Ltd.,  Bradtord,  England. 

The  Westlnghouse  Company,  Ltd.,  St.  Petersburg, 

Russia. 
Soclete  A.  Heintz  &  Company,  Herstal-leg-Llege, 

Belgium. 

THE  ENGINEER  COMPANY 

Hudson  Terminal  Bldg. 
New  York,  N.  Y. 


A  practical  demonstration  oj  a  "Bal.anced"  Furnace 
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STOP,  LOOK  AND  LISTEN! 

Why  are  we  busy  and  our  competitors  dull  ? 

The  explanation  is  found  in  our  Hig-h  Speed 
Heavy  Duty  Corliss  Eng-ines  and  "Franklin" 
(patent)  Horizontal  Gravity  Latch-Re- 
leasing Valve  Gear;  marvelous  steam 
economies  and  close  regulation  g-uaranteed. 
Rotative  speeds  150  to  200  revolutions  per 
minute.  The  maximum  of  power  secured  at 
a  minimum  of  cost — send  for  catalog-ue  and 
be  convinced. 

HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 


THERE'S  NO  EXCUSE  F9R 
NOISY  GEAR  DRIVES 


Noise  in  gear  drives  is  only  an 
evidence  of  preventable  wear,  a 
(orerunner  of  destruction  and  a 
distraction  that  takes  men's  minds 
from  their  work.  Remove  that 
noise  and  you  do  much  toward 
preserving  the  life  and  accuracy 
of  the  machine.  Then,  when  you 
complain  of  their  work,  your  men 
can't  complain  of  their  tools. 

New  Process  Noiseless 
Pinions  stop  this  noise,  vibra- 
tion and  ruin  on  drives  where 
conditions  are  most  severe.  Num- 
erous manufacturers  have  dis- 
carded metal  pinions  and  substi- 
tuted New  Process  Pinions  as  a 
standard  part,  and  the  trouble  has 
been  completely  overcome. 

Try  a  New  Process  Pinion  on 
your  worst  drive.  Write  for  book 
on  "Noiseless  Gearing." 


NEW  PROCESS   IS  TO  ALL  OTHER 


RAWHIDE  AS  STEEL  IS  TO  IRON 


The  New  Process 

OFFICES  WORKS 


^PffJiRAWHlDECO. 


SYRACUSE,  N.Y. 
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LINKENHEIMER  "  PIDDLED  " 
SEM1=STEEL  VALVES 

The  "Puddled"  Semi-steel  used  in  Lunken- 
heimer  Valves  is  an  extremely  high  gvade  iron 
and  steel  alloy  of  very  close  grain  and  great 
stHMigth,  the  tensile  strength  per  square  inch 
being  ;3o, ()()()  ])()unds. 

All  i)arts  subjected  to  wear  are  renewable. 

The  line  includes  Globe,  Angle,  Cross,  Check, 
(Jate,  Non-return  Safety  Boiler  Stop,  Valves, 
etc.,  guaranteed  for  working  pressures  up  to 
L'oO  i)()unds,  and  made  in  two  combinations  a,s 
regards  the  trimmings,  to  suit  various  condi- 
ions  of  superheat  and  meet  the  specifications 
)f  engineers  who  differ  as  to  the  material  used. 

This  line  is  also  made  in  Cast  Steel  for  ex- 
reme  conditions  of  pressure,  superheat  and 
strain,  and  also  in  Cast  Iron  for  less  severe 
conditions. 


'MOST  supply  houses  sell  them— yours  CAN-if  they  DONT  or  WONT— tell  US." 
Write  for  1912  catalogue. 

THE   LUNKENHEIMER  COMPANY 

Largest    Manufacturers  of  High  Grade   Engineering   Specialties  in   the  World 

General  Offices  and  Works:    CINCINNATI,  OHIO,  U.  S.  A. 

Xew  York.  Boston.  Chicago,  London,  S.  E., 

1)4-08  Fulton  St.  138  High  St.  186  X.  Dearborn  St.  35  Great  Dover  St.        14 


REPEAT    ORDERS 
A  Proof  of   "Quality 
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REPEAT  ORDERS  are  the  result  of  satisfaction  to  the  customer 
not  only  after  the  first  purchase,  but  entire  satisfaction  after  every 
purchase. 

REPEAT  Orders  are  the  life  of  a  manufacturer — they  have  a 
cumulative  effect. 

Repeat  Orders  are  proof  positive  of  the  maintenance  of  a 
high  standard  of  manufacture. 

Repeat  Orders  are  a  feature  of  the  business  of  Allis-Chalmers 
Company  and  one  of  its  biggest  assets. 

REPEAT  Orders  for  Allis-Chalmers  machinery  are  coming  from 
your  neighborhood.  Ask  any  user  in  your  vicinity  why  he  specifies 
this  company's  apparatus,  and  receive  positive  assurance  of  its 
quality. 

Allis  - CKalnciers    Concipaivy 

Oeneral  Offices  Mil>vauKee,  AVis. 

Offices   in  A.11    Principal  Cities 
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<THE  TRIPLEX  BLOCK> 


This  Book 

Shows  the  Latest 
Hoistinff  Practice 


A 


HEQT,^EST  by  mail  will 
l)rinj;'  this  hand  book  of 
hoists.    I'he  most  ])i-aetical 

book   for  a  lar<;e   or   small    shop 

ever  published. 


Our  New  Catalog,  100  Pases.     6x9  inches. 


Wrifft  today  hefure  ynu  forget  it. 

The  Yale  &Towne  Mfg.  Co. 

The  Makers  of  Yale  ridduets 

9  Murray  St.,  Xew  York,  U.  S.  A. 

Local  Offices  : 

Chicago,   74   East   Randolph   Street 

San  Francisco,  104  Rialto  Building 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 

JOHN    A.    ROEBLING'S    SONS    COMPANY 

TRENTON,    N.  J. 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


Cleveland 
Seattle 
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THE  ROPE  DRIVE 


IS  THE    SUPERIOR   SYSTEM 
FOR  TRANSMITTING  POWER 


J^roridiiKj  it  /.v  correctly  designed  and  installed. 

THE    JEFFREY    SYSTEM 
of  Rope  Driving 

is  correctly  designed  and  in- 
cludes many  ingenious,  pat- 
ented features  which  give 
all  the  benefits  of  economy 
of  space  and  low  first  cost. 

Our  expert  Engineers  are  always  at  your  service  to  assist  you 
in  solving  your  transmission  problems. 

The  Jeffrey  Manufacturing  Company 

COLUMBUS,  OHIO 


New  York 

Boston 

Montreal 


Pittsburg 

Ctiarleston,  W.  Va. 
Atlanta,  Ga. 
Birmingham 


Chicago 
St.  Louis 
Denver 
Seattle 


GOODRICH   CONVEYOR   BELT 

Lowest  cost  per  ton 
of  material  handled 

Buying  a  belt  by  its  first  cost  is  like  looking  through  the 
wrong  end  of  a  telescope — the  cost  merely  looks  small. 

The  whole  matter  of  buying  conveyor  belting  should  sift 
down  to  this  one  bed-rock  point:  "How  much  will  it  cost 
me  per  ton  of  material  handled." 

You  cannot,  of  course,  know  from  personal  experience  that 
Goodrich  Conveyor  Belts  cost  least  per  ton  of  material 
handled— but  j^ou  can  be  guided  by  the  records  of  this  belt 
in  the  hands  of  others  in  your  particular  line. 

That  is  what  we  are  prepared  to  send  you— the  records  of 
this  belt  in  the  service  of  others  in  your  line.  We  will  also 
send  you  a  sample  of  the  belt,  and  our  booklet  explaining 
its  construction — you  will  be  glad  that  j^ou  sent 
for  all  three.  Write: 

The  B.  F.  Goodrich  Co.,  Akron  O. 

Largest  in  the  world  trade  mark 
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WE    SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works.   1028  E.  Water  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouse.  45  Beekman  St..  NEW  YORK  CITY. 
Agencies,  666  Western  Union  Bldg.,  Chicago.  111. 

600  Bessemer  Bldg..  Plttaburg,  Pa. 

262  Market  St.,  San  Francisco,  Cal. 


Massachusetts    Standard    Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,   Mass. 


-I  SCOTCH  BOILERS 

I^DRY  AND   WATER   BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  Y. 


THE  JANUARY  JOURNAL 

We  will   pay  $0.25  a  copy  for  the 
January  1912   issue   of  The  Journal 

The  American  Society  of  Meclianical  Engineers 

29  W.  39tl]  St..  New  York 
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THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  35  Ffderal  Sl 
PITTSBURCH.  Farmers  Deposit  Bank  BIdg 
SALT  LAKE  CITY,  313  Alias  Blodt 
CLEVELAND.  New  England  BIdg 
LOS  AN'GELFS,  American  Bank  BIdg. 


BRANCH   OFFICES 

PHILADELPHIA,  North  Americao  BIdg. 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO,  Marquette  BIdg 
PORTLAND,  ORE,,  Wells-Fargo  BIdg. 
SEATTLK,  Mutual  Life  BIdg. 


SAN  FRANCISCO,  99  First  StieW 
DENVER,  435  Seventeenth  Stieel 
ATLANTA,  Candler  BIdg 
HAVANA,  CUBA,  116J  Calle  de  la 
CINCINNATI,  Traction  BIdg 


WATER  TUBE,  INTERNAL  FURNACE  AND   RETURN  TUBULAR 

BOILERS 

ALL  WROUGHT  STEEL  CONSTRUCTION 

E.    KEELER    COMPANY 

Established  1864  WILLIAMSPORT,  PA. 

New  York       Boston       Philadelphia      Pittsburgh      Chicago       San  Francisco 


fer-:^^^^ 


ro 


CONTINUOUS  RECORDS 

of  Pressure,  Temperature,  Electricity,  Speed 
and  Time  are  obtained  automatically  by 
means  of 

BRISTOL'S 
RECORDING   INSTRUMENTS 

Write  for  new  48-page  Bulletin  No.  132 
cataloguing  Bristol's  Recording  Amme- 
ters as  illustrated,  herewith. 

THE  BRISTOL  COMPANY,  Waterbury,  Conn. 


JENKINS   BROS.  CHECK  VALVES 


are  made  from  Standard  and  Extra  Heavy  pattern,  both 
brass  and  iron  body  in  several  different  styles — horizon- 
tal, angle,  vertical,  swing.  All  are  fitted  with  the 
Jenkins  Disc,  thus  assuring  a  tight  seat.  And  as  the 
Jenkins  Disc  takes  practically  all  the  wear,  the  seat  is 
seldom  injured,  and  valves  give  long  and  satisfactory 
service  without  requiring  attention  or  repair. 

Catalogue  mailed  on  request. 


JENKINS  BROS. 


NEW  YORK        BOSTON        PHILADELPHIA        CHICAGO 
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THE  A.  &  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED    AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKSi    ELIZABETHPORT 
NEW  JERSEY 


Gears  of  all  kinds 
and  sizes 

SALES    ROOM;   172    FULTON   ST., 
NEW  YORK  CITY 


THE 


HJREEDY 

CINCINNATK  O. 

ELEVATORS 

EVERY  TYPE 


COMPANY 

INC. 


Power  Transmission  Appliances 


FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.     Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


Y\/RITE    for  a  copy  of  our 
booklet    entitled    'The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American    Ball  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,         BOUND  BROOK   N.  J. 


20 


ALLIANCE  CRANES  AllTypes 

Also  Rolling 
Mill  and 
H  y  d  ra  ul i  c 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Sr.ale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO. 


ALLIANCE,  OHIO 


Pittsburg  Office.   Frlck  Buildiiia 


Birmingham  Office,  Woodward  Building 


COMPLETE      FOUNDRY      EQUIPMENT 

For  Grey  Iron,  Brass,  Car  Wheel,  Pipe,  Steel  &  Malleable 
Casting  Plants.     Buildings  designed  and   furnished. 
Equipment  installed.     Initial    operation    con- 
ducted by  our  experts  at  moderate  charge. 
All  types  of  C  R  A  N  E  S     for  every  service 


Practical  designs 
Reliable  construction 


[JVi'lhdLMHil 


FQUNDRYEQUIPMENTCD 

HARVEY- ILL.  U.S.  A. 


Catalogs  and  full  in- 
formation on  request 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820     Elevator,  C.   R.   Pratt $0.50 

940    Elevator  Safeties,  C.  R.  Pratt 10 

981     Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128    Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161     A  High-Speed  Elevator,  C.  R.  Pratt 40 

1300    Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


CLYDE  Hoisting  Engines 

have  steel  gears  and  ratchets.   Shafting  is 
extra  heavy  with  long  bearings.    Connect- 
ing rods  have  solid   ends.     Boilers 
have  large  heating  surface. 

Lar^e  stocks  on  hand— Ask  for  catalogue. 

«^  CLYDE  IRON  WORKS,    duluth,  MINN. 

CniCACO,  ILL.  NEW   YORK  SAVANNAH 

318-19  Fisher  Bldg.         NEW  ORLEANS         HOUSTON 


INDIVIDUAL  SANITARY  WASH  BOWLS 

Arranged  in  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
Closing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUPACTURING     EQUIPMENT   &   ENGINEERING    COMPANY,     BOSTON,    MASS. 


All  Standard  Bearings 

are  fully  described  in   our 

New  Catalog  24A 

Send  for  it. 


Standard  IColler  Bearing  Company 

PHiladelpKia 


TRADE  MAI;K 


REGISTEREI 


Dealers  are  authorized  to  fully  warrant  Carpenter's  Taps. 
Should,  by  chance,  any  imperfect  tool  get  away  from 
our  plant,  we  desire  to  replace  it.  Specify  Carpenter's. 

4'?  Years  on  the  Market. 

J.  M.  CARPENTER  TAP  &  DIE  CO.,  Pawtucket,  R.  I. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


22 


Simplex  not  Duplex 
"To  be  simple 
is  to  be  ereat" 


mSm, 


steam  and  Power  Pumping  Machinery 

For  every  service— 


^     ■'" 


'^^BBIES 


Compound  Packed  Plunger  Tump. 


American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Worka 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor.  _ 

Our  No.  18  Catalogue  goe»  into  detail*. 


American  Steam  Pump  Company, 


Battle  Creek,  Mich. 
U.  S.  A. 


GOULDS    DOUBLE-ACTING 
TRIPLEX   PUMP— FIG.  1590 

This  pump  is  used  extensively  for  general  water  sup-  i| 

ply,    municipal    water   works,    hydraulic    elevators,   pu!p  i  w 

grinders,  etc.  "    ^ 

Made  in  capacities  up  to  91,500   gallons  per 
hour. 

Write  for  bulletins. 


Trade  Mark 


3=3©^       MF'So^Oo    FiG.  1590 


TMm    (C 


78  W.  Fan  Street 


Branches  and  Agencies  in  All  Important  Cities 


Seneca  Falls,  N.  Y. 


CENTRIFUGAL 
PUMPING  JVIACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  III. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 

I^bHH  i^^H9P^.2^^^K  i 

BULLETIN  No.  68,  Describing  the 

Venluri  Hot  Water  Meter 

will  be  mailed  to  any  address 


"The  Chart  tells  the  Story' 


We    furnish    Venturi    Meters    for    Cold    Water, 
Hot  Water,  Brine,  Sewage,  Air,  Gas,  Steam,  Etc. 


Builders  Iron  Foundry      :      Providence,  R.  I. 
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ENGINEERING  SCHOOLS  and  COLLEGES 


NP:W  YORK  UNIVERSITY 
SCHOOL   OF    APPLIED    SCIENCE 

Dki'artments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean, 

UNIVERSITY  HEIGHTS,  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.    G.    C.   Anthony,   Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

Course  in  Mechanical  Engineering, 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Profes.sor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 

Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 


BERT  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven      Wm.  W.  Crosby 
Menibers  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON,  MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests    of   Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
SOth  Street  and  East  End  Avenue. 

NEW    YORK    CITY. 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201   Devonshire  Street,  BOSTON,   MASS. 

J.  WM.  PETERSON 

Lubrication  Engineer 

Specialt}':   Plans,   Specifications   and   Superin- 
tendence of  Power  Plant  Oiling  Systems 
and   General   Machinery   Lubrication 


50  Church  Street 


NEW  YORK  CITY 


SPECIAL  RATES 


Will  be  quoted  on  request  for 
Professional  Cards. 
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MACHINE    SHOP    EQUIPMENT 


MACHINE    SHOP    EQUIPMENT 


THE 


Inc. 


ALLEN  MFG.  CO. 

HARTFORD,  CONN. 

Allen  Patent  Safety  Set  Screws.  Made  from  high-test  steel  bars  and 
warranted  fully  as  strong  as  the  best  projecting  screw  made,  besides  elimi- 
nating danger  on  rotating  shafts.     Ask  your  dealer  for  them. 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 
]\Ianufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.    Our  goods  are  not  surpassed  by 
any  in  the  world. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum, .  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


THE  J.  M.  CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 

Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw 
Plates,  Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the 
market  and  38  years  in  the  lead. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  srnoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  DrilWLathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 

Manufacturers   of   Grinding  Machines.      Internal  Grinders,   Cylinder 
Grinders,  Surface  Grinders,  Drill  Grinders. 


SAFETY 
SET  SCREW 


TAPS 
AND 
DIES 


CARBORUNDUM 
PRODUCTS 


TAPS 
AND 
DIES 


GEAR 
SHAPERS 


MILLING 
MACHINES 


GRINDING 
MACHINES 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND   HOISTS 


MACHINE   SHOP    EQUIPMENT 


IXGERSOLL-HAXD  COMPANY 

11  Broadway  NEW  YORK 

Air  Compressors,  twenty  standard  types,  capacity  8  to  SOOO  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and.Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  h  to  5  tons. 


TURRET 
LATHES 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 

BORING 

MILLS 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 


ENGINEERING 
SPECIALTIES 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 

Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  United  States. 


METAL  SHOP 

AND 

FACTORY 

EQUIPMENT 


PINIONS 

AND 

GEARS 


PRECISION 
BENCH 
LATHES 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 
BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  f"  rod  through  the  chuck  and  the  workmanship 
is  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool  room.  Cata- 
log for  those  interested.    Also  makers  of  Automatic  Precision  Bench  Machinery. 
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MACHINE   SHOP    EQUIPMENT 


LHE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

Wo  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  fully,  will 
be  mailed  on  request. 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


TURRET 
LATHES 


TAPS  AND 
DIES 


STEAM    ENGINES  AND    BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE  CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
pound, SO  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


WATER  TUBE 
BOILERS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.   Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 

27 


ENGINES 


WATER  TUBE 
BOILERS 


STEAM 
ENGINES 


ENGINES 
STEAMandGAS 


STEAM   ENGINES  AND   BOILERS 


STZfiM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


STEAM 
ENGINES 


STEAM 
ENGINES 


ENGINES 
TURBINES 
CASTINGS 


BOILERS 


BOILERS 


COMPLETE 

POWER   PLANT 

EQUIPMENT 


STEAM 
ENGINES 


ERIE  (  ITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tiibular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 

HARRISBURG,  PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 

Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder  Frame,  Simple  or  Compound,  having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  Hamilton  Holzwarth  Steam  Turbines,  Special  Heavy 
Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback ;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 
Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice  &  Sargent  Corliss  Engines,  Improved  Greene  Engines  and  Repair 
Parts,  Special  Machinery. 
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STEAM    ENGINES    AND    BOILERS 


RIDGWAY  DYNAMO  &  ENGINE  CO. 

RIDGWAY,  PA. 

Hidgway  Engines;  four-viilvo,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ROBB  ENGINEERING  CO.,  LTD. 

Wavcrly  St.,  SOUTH  FRAMINGHAM,  MASS. 

131  State  St..  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE  VILTER  MFG. 

1070-10S8  Clinton  St. 

Established   1867 

Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct- 
Connected  Service,  medium  or  high  speed.     Ice  and  Refrigeration  IMachinea. 


CO. 

MILWAUKEE,  WIS. 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


ENGINES 
GENERATORS 


BOILERS 


ENGINES 

REFRIGERATING 
MACHINERY 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


GAS    ENGINES   AND   GAS    PRODUCERS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


GAS 
ENGINES 


REFRIGERATING 

and 

ICE  MAKING 

MACHINERY 

OIL  AND  GAS 

ENGINES 


OIL 
ENGINES 
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GAS    ENGINES    AND    GAS    PRODUCERS 


GAS    ENGINES 

AND 

PRODUCERS 


GAS 
PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

f  Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 
Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.    Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  plants.    Tar  Extractors  and  Gas  Cleaning  Plants. 


POWER    PLANT  AUXILIARIES   AND    SPECIALTIES 


VALVES 

SLIDE  and 

PISTON 

DISTRIBUTION 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 
We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


INJECTORS 


VALVES 

GAUGES 

INDICATORS 


VALVES 
GAGES 


OIL  ANDTAR 
BURNERS 

FURNACES 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  Well  Jet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


VALVE  MFG.  CO. 
Established  1851 


AMERICAN   STEAM   GAUGE   AND 
BOSTON,  MASS. 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 


w. 

N. 

BEST 

11  Broadway 

NEW  YORK  CITY 

Apparatus 

for  and  technical  information  relati 

ve  to  all  forms  of  liquid 

fuel  equipment. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  RecordinR  Prossiire  and  Vacuum  Gauges.  Bristol's  Recording  Thermometers. 
The  Wm.  H.  Bristol  l>lcctrio  Pyrometers.  Bristol's  Recording  Voltineters,  Ammeters 
and  Wattmelers.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  I'atont  Steel  Belt  Lacing. 


RECORDING 

GAUGES 

and 

INSTRUMENTS 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.   LOUIS        PITTSBURGH       CHICAGO        PHILADELPHIA       8AN  PRANCIfCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments;  Chime  Whistler;  Sight  Feed  Lubricators; 
Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage  Testing 
Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


THOS.  H.  DALLETT  CO. 

York  and  23rd  Sts.  PHILADELPHIA,  PA. 

Manufacturers  of  a  complete  line  of  Air  Compressors,  suitable  for  high-class  instal- 
lations. Equipped  with  special  "Silent"  inlet  and  discharge  ralves.  Also  Pneumatic 
Boiler  Scalers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.     Send  for  literature. 


AIR 
COMPRESSORS 

PNEUMATIC 

BOILER 

SCALERS 


THE    ENGINEER  COMPANY 

50  Church  St.  NEW  YORK,  N.  Y. 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 

)  (Trade  Mark  "Balanced"  Reg.  U.  S.  Pat.  Office.) 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pumps  made   in   any   number  of  Feeds   or 
Compartments. 


LUBRICATION 
PUMPS 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves.''  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.    Valves  unlike  all  others. 


VALVES 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


AIR 

COMPRESSORS 

AIR  TaOLS 
AND    HOISTS 


VALVES 

PACKING 

DISCS 


MAGNESIA 
ASBESTOS 

and 
BRINE    PIPE 
COVERINGS 


VALVES 


VALVES 

BLOW-OFF 

VALVES 

FIRE  HYDRANTS 


VALVES 

INJECTORS 

LUBRICATORS 

ETC. 


VALVES 


STEAM 
TRAPS 


INGERSOLL-RAND  COMPANY 


11  Bkoadway 


NEW  YORK 


Air  Compressors,  twenty  standard  tjTses,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J^a  to  5  tons. 


NEW  YORK 


JENKINS  BROS. 

BOSTON  PHILADELPHIA  CHICAGO 


Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.    Catalog  mailed  on  request. 


CO. 

NEW  YORK  CITY 


ROBERT  A.  KEASBEY 

100  N.  Moore  St. 

Telephone:    6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hy- 
drants; Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow  Gate   Valves  for   all   purposes. 
Special  Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fire  Hj'drants. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


MONARCH  VALVE  &  MANUFACTURING  CO. 

39  CoRTLANDT  St.,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting 
Steam  Trap  is  the  original  design  oi  tilting  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


32 


POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 
Founded  1878  Inc.  1904 

BuildcTfl  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  yeans  practical  experience  can  produce. 


AUTOMATIC 
FURNACE 


NELSON  VALVE  COMPANY 

PHILADELPHIA 

Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature;  also 
Blow-off  ^'alves.    Catalogues  and  information  on  request. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors  for  Steam  Engines,  Turbines,  Gas  Engines.     Mechanical 
Control   Power  Regulation. 

Ser  Page  111  of  Condensed  CataJoqnes  of  Mechanical  Equipment.     ,' 


POWER  PLANT  SPECIALTY  COMPANY 

625  MONADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  W^ater  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.     Correspondence  solicited. 


VALVES 


GOVERNORS 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER 

SPECIALTY 

CO. 

111 

Bro.-vdwat 

NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water, 
coal  and  boiler  power. 

condensing  water, 

SUPERHEATERS 


WM. 

B.  SCAIFE 

&  SONS 

COMPANY 

221  First  Ave. 

PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softenin 
Systems  for  boiler  feed  water  and  all  industrial 

g,  Purifying  and  Filtering 
and  domestic  purposes. 

SCHUTTE  &  KOERTING  CO. 

1229-57  X.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Syphons,  Eductors,  Furnace  Blowers,  Exhausters,  Pump  Primers,  Con- 
densers, Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  Check,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,  Feed  Water  Heaters,  etc. 


WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


INJECTORS 
CONDENSERS 

VALVES 
ENGINE  STOPS 


SHERWOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years'  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  high  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil  Pump 
for  Steam  Engines;  Buffalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gasoline  Engines; 
Oil  Cups,  etc.     Catalog  on  application. 


INJECTORS 

AND 
OIL  PUMPS 
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POWER     PLANT  AUXILIARIES   AND   SPECIALTIES 


INSTRUMENTS 


LUBRICATING 
OILS 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


CONDENSERS 

COOLING 

TOWERS 

FEED-WATER 

HEATERS 


C.  J.  TAGLIABUE  MFG.  CO. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.      Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
See  our  Condensed  Catalogue  in  Atiril  1011  number  of  The  Journal. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 
Foundries  and  all  general  purposes.  All  classes  of  Petroleum  Products  of 
the  highest  quality. 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:  CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towerti,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 


NEW    YORK 


BAN    FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed-Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PUMPS  AND  HYDRAULIC  TURBINES 


HYDRAULIC 
TURBINES 

PUMPING 
MACHINERY 


PUMPING 
MACHINERY 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.    High  Duty  Pumping  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
Stage;  Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,  Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  -who  desire  to  reduce  their  operating 
expenses.      Literature  upon  request. 


PUMPS 
CONDENSERS 


M.  T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Na,ssau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.    Surface  and  Jet  Con- 
densers. (• 
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PUMPS  AND  HYDRAULIC  TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-works  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  every  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.    Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  I^.Iill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


PUMPS 
HYDRAULIC 
MACHINERY 


WATER 

WHEELS 

WOOD  PULP 

AND 

PAPER 
MACHINERY 


TURBINES 
PAPER    MILL 
MACHINERY 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 


POWER  TRANSMISSION 


THE  AMERICAN  PULLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light,  true 
and  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pullevs  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  3  to  40  face,  and  fit  any  size  shaft  from  1 
to  8^".     Let  us  send  you  our  booklet  illustrating  all  styles. 


THE  A.  &  F.  BROWN  CO. 

172  Fulton  St.  NEW  YORK 

Manufacturers  of  Shafting,  Pulleys,  Hangers,  etc.,  for  Transmission 
of  Power. 


PULLEYS 


PULLEYS 


SHAFTING 
PULLEYS 
HANGERS 
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POWER    TRANSMISSION 


FRICTION 
CLUTCHES 


THE    CARLYLE    JOHNSON    IVIACHINE    CO. 

MANCHESTER,  CONN. 

Send  for  our  Catalog,  and  Clutch  Booklet  entitled  "  Clutches  for  Use 
in  Machine  Building."  The  information  .set  forth  therein  will  be  of  interest 
to  any  Builder  or  Designer  of  Machinery. 


POWER 

TRANSMISSION 

ELEVATORS 
CONVEYORS 


DODGE  MANUFACTURING  CO. 

MISHAWAIvA,  IND. 
Manufacturers   of   everything   for   the   Mechanical   Transmission   of 
Power;  also  Elevating  and   Conveying   Machinery,   and   the   "Eureka" 
Water  Softener.    Send  for  general  catalog  C-10. 


POWER 

TRANSMISSION 

APPLIANCES 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 
Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


STEEL 

BELT 

LACING 


FLEXIBLE  STEEL  LACING  CO. 

542  W.  Jackson  Boulevard  CHICAGO,  ILL. 

Alligator  Steel  Belt  Lacing.  Adapted  for  use  on  leather,  rubber,  balata, 
cotton  or  canvas-stitched  belting  of  any  width  or  thickness.  A  perfect  flex- 
ible joint  and  separable  hinge  joint  that  works  satisfactorily  with  an  idler. 


POWER 

TRANSMISSION 


PULLEYS— PAPER 

FRICTION 

TRANSMISSION 


POWER 

TRANSMISSION 


PAPERS 

ON 

POWER 

TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  HiU  Collar  Oiling  Bearings. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved  Appliances  for  the  transmission  of  Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  58.5.  Power  Losses  in  Transmission  Machinery  of  Central  Stations : 
Aldrieh,  price  $.^();  No.  80S.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  .^.10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.30;  No.  1230.     Paper  on  Belting:     C.  G.  Barth,  price  $.50. 
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HOISTING   AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
M  achinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Craba,  Winches,  etc.,  as  well  aa 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.    Helicoid 

and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 

and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE  B. 


CO. 


F.  GOODRICH 

AKRON,  OHIO 

Manufacturers  of  Goodrich  Conveyor  Belt.  The  Goodrich  "Longlife" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


CRANES 

STEAM 
HAMMERS 
PUNCHES 

AND 
SHEARS 


HOISTING 
MACHINERY 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


HOISTING 
ENGINES 

AND 
DERRICKS 


ELEVATORS 
FRICTION 

CLUTCHES 
PULLEYS 


CONVEYOR 
BELTS 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 
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HOISTING 
ENGINES 

CABLEWAYS 
MARINE 

TRANSFERS 


ELEVATORS 

AND 
CONVEYORS 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


CRANES 


ELEVATORS 


ROBINS 

BELT 

CONVEYORS 


WIRE   ROPE 


CRANES 


MONO-RAIL 
SYSTEMS 


CONTROLLERS 


LIDCxERWOOD  MFG.  CO. 


96  Liberty  St. 


NEW  YORK 


Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  ware- 
houseman, railroads,  shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cable- 
ways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power 
Transmission  IMachinerv. 


MEAD-MORRISON  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants  Cable  Railways,  Marine  Elevators,  MeCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
l/ocomotive  Derricks,  Suspension  Cableways. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.    We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


THE 

H.  J. 

REEDY  CO. 

CINCINNATI,  0. 

Manufact 

irers  of  all  types  of 

Passenger  and  Freight 

Elevators. 

ROBINS  CONVEYING  BELT  COMPANY 

Thomas  Robins,  Pres.  C.  Kemble  Baldwin, ChiefEngr.,13Park  Row,  N.Y. 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 

Manufacturers  of  Iron,  Steel  and  Copper  Wire  Rope,  and  Wire  of 
every  description. 


SHAW 

ELECTRIC 

MUSKEGON, 

CRANE 

MICH. 

CO. 

Electric  Travelers  for  all  purposes, 
road  Wrecking  Cranes.    Mono-Rail  Syst 

Gantries.    Wharf  Ci 
^ms.     Electric  Motor 

anes.    Rail- 
Controllers. 
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THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Tolodo  Cranes  and   Hoists;  Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capa- 
city; Structural  Steel  for  Factory  Buildings. 


CRANES 
HOISTS 


THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  exten.sive  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Gearing.  


ELEVATING 

CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


THE  YALE  &  TOWNE  MEG 

9  Murray  St. 

Makers  of  the  Triple.v  Block  and  Electric  Hoists 


CO. 

NEW  YORK 
The  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  j  to  20  tons;  Electric 
Hoist  in  10  sizes,  \  to  16  tons. 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


ELECTRICAL  APPARATUS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Electrical  Machinery  of  every  description;    Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


MOTORS 

AND 

GENERATORS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


ELECTRIC 
DRIVE 


WAGNER  ELECTRIC  MFG.  COMPANY 

SAINT  LOUIS,  MO. 

Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  pol^-phase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  line 
of  switchboard  and  portable  instruments  offered  to-day. 


DYNAMOS 
MOTORS 

TRANSFORMERS 
INSTRUMENTS 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

PITTSBURG,  PA. 
Westinghouse  Electric   Motor   Drive.     Pumps,   compressors,   hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


ELECTRIC 

MOTOR 

DRIVE 
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AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 
COMPRESSORS 

PNEUMATIC 
TOOLS 


AIR 
COMPRESSORS 

TOOLS 

HOISTS  AND 

SAND 

RAMMERS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

Twenty  standard  Air  Compressor  types,  rapacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  i  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


FOUNDRY    EQUIPMENT 


SAND 

RAMMERS 

AIR  TOOLS 

AND  HOISTS 

COMPRESSORS 


FOUNDRY 

MOLDING 

MACHINE 

EQUIPMENT 


FOUNDRY 
EQUIPMENT 


FOUNDRY 

PLAN! 

EQUIPMENT 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

'  'Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New- York  2014  Fisher  Bldg.,  Chicago,  111. 


Plain  Power  Squeezing   Machines 
Jolt  Ramminq;  Machines 


Split  Pattern  Vibrator  Machines 
Pneumatic  Vibrators 


J.  W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cu- 
polas, Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturers,  Engineers  and  Designers  of  complete  equipment  for  grey  iron,  brass, 
car  wheel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds  for  every 
service.     Buildings  designed  and  furnished;  equipment  installed  and  operated. 
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BLOWERS,   FANS,   DRYERS,   ETC. 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum 
cleaning,  for  laundries,  for  blaclismiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
Exhausters.     High  I'ressure  Gas  Pumps.     Flexible  Couplings. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust  air  under  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


DRYERS 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


ROLLING    MILL    MACHINERY 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 

Engines,  single  and  compound,  corliss  reversing  and  blowing.  Roll- 
ing Mill  and  Hydrauhc  Machinery  of  all  kinds.  Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydrauhc  Forging  Presses, 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


ENGINES 

ROLLING    MILL 

MACHINERY 


STEAM 

HYDRAULIC 

FORGING 

PRESSES 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  W.  Gordon,  price  $.20;  No.  894.  Test  of  an  Hydraulic  Air  Compressor:  W .  O. 
Webber,  price  $.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.H.  Bunnell,  price  $.10;  No.  1131.  A  High  Duty  Air  Compressor:  O.P.Hood, 
price  $.30. 
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ENGINEERING    MISCELLANY 


ENGINEERING  MISCELLANY 


ALUMINUM 


BALL 
BEARINGS 


CASTINGS 
MACHINE 

WORK 
GRINDING 

MACHINES 


WATER 
FILTERS 


BALL 
AND 

ROLLER 
BEARINGS 


BRIGHT  COLD 

FINISHED 

STEEL  BARS 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 
Aluminum  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings, 
Auburn  Steel,  Brass  and  Bronze  Balls,  Solid  and  Hollow. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Size,  Weight  and  Strength.    Large  and  Accurate 
Machine  Work.    Grinding  and  Polishing  Machines. 


ROBERTS    FILTER   MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.    Steel,  Bronze  and  Brass  Balls. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PLANERS 


CHICAGO-NORFOLK 
NEW  ORLEANS-SEATTLE 

The  Planer  Specialists 


S.  A.  WOODS  MACHINE  CO. 

BOSTON 


Planers  for  Dressing  Lumber 
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CONDENSED 
CATALOGUES 

OF 

MECHANICAL 
EQUIPMENT 

SECTION  ONE  (PART  TWO) 

Power  Plant  Equipment 

Other  sections  of  the  Condensed  Catalogues  to  be  pubHshed  in  subsequent 
issues  of  The  Journal  during  1912  will  include  Hoisting,  Elevating  and 
Conveying  Machinery,  Industrial  Railway  Equipment,  Power  Transmission 
Machinery,  Electrical  Equipment,  Metal  Working  Machinery,  Machine  Shop 
and  Foundry  Equipment,  Steel  and  Rolling  Mill  Equipment,  Pumping 
Machinery,  Mining  and  Metallurgical  Equipment,  Heating  and  Ventilating 
Apparatus,  Refrigerating  Machinery ,  Air  Compressors  and  Pneumatic  Tools, 
Engineering  Miscellany. 

At  the  close  of  the  year  the  entire  collection  of  Condensed  Catalogues  will  be 
reprinted  in  volume  form  and  distributed  to  members  without  charge. 


THE  AMERICAN  SOCIETY  of 
MECHANICAL  ENGINEERS 


Gas  and   Gasoline  Engines 


THE  ELYRIA  GAS  POWER  CO. 

ELYRL\,  OHIO 


GAS  ENGINES 

Builders  of  "The  Little  Big  Engine" 


FEATURES  OF   "the  little  big  ENGINE" 

Uses  Producer,  Natural  and  City  Gas,  Gasoline  and  Distillate. 

Only  change  necessary  in  change  of  fuel  is  length  of  connecting  rod  for  altering 
compression  and  exchange  of  fuel  handling  devices. 

Economy  ranges  from  10,000  to  12,000  BTU,  depending  on  size. 

All  sizes  with  water-cooled  exhaust  valves;  all  but  No.  2  have  water-cooled 
pistons  and  piston  rod.     No  water  joints  subject  to  explosion  pressures. 

Governs  by  varying  lift  of  inlet  valves.    Good  regulation. 

Pulley  or  flexible  coupling  bolted  to  flywheel,  either  side. 

Ignition  make-and-break  or  jump  spark,   both  for   continuous   service. 

Our  "  Show-me  "  guarantee  means  much  to  the  buyer.     Get  it. 

Crank  Shaft  half  of  cylinder  bores.      Main  bearings  removable  bushings. 

Automatic  Air  Starting  Equipment  always  included. 

Gas  Producers  and  Dynamos  furnished.     Quick  delivery  a  feature. 

Engineers  can  safely  use  for  estimate  figures  $80  per  H.  P.  in  smallest  to  $60 
per  H.P.  in  largest  sizes.  This  includes  engine  and  anthracite  producer,  delivered 
and  fully  installed  above  foundations. 

We  deal  with  purchasers  or  Engineers  only.     We  have  no  Agents. 

APPROXIMATE  RATINGS  AND  FLOOR  SPACE 


Fuel 

Compres- 
sion 

Engine  No.  2 

Engine  No.  3 

We  twin  the  N 
Engine  No.  4 

o.  4  and  No.  5 
Engine  No.  5 

When  twinned,  double  raliii-^,  same  speeds. 

H.P. 

40 
30 

R.P.M. 
325 
250 

H.P. 

60 
45 
60 
45 
55 
45 

R.P.M. 
290 
220 

H.P. 
75 
60 

R.P.M. 

H.P. 

R.P.M. 

Natural  Gas 

140  lbs. 

275 
225 

110 

85 

110 

85 

100 

85 

120 

260 
200 

City  Gas 

125  lbs. 

40 
30 

325 
250 
325 
275 

325 

290 
220 
290 
240 

290 

75 
60 

275 
225 
275 
235 

275 

260 
200 

Gasoline   or  Dis- 
tillate  

75  lbs.  to 
100  lbs. 

35 
30 

40 

70 
60 

260 
220 

Gasoline  or  Dis- 
tillate with  Water 

100  lbs.  to 
125  lbs. 

65 

80 

260 

Producer  Gas. .  .  . 

160  lbs.  to 
ISO  lbs. 

30 
25 

325 
275 

45 

290 

55 

275 

85 

260 

Over  all  space 

5'-0"xlO'-0" 

ll'-6"x5'-7" 

12'-6"x6'-0" 

Twinned 
12'-6'xll'-6" 

14'-0"x6'-10" 

Twinned 
14'-0"xl3'-6' 

4;j 


Gas  an  J  Gasoline  Enynws 


THE  HEER  ENGINE  COxMPANY 

PORTSJMOUTH,  OHIO 

HIGH  GRADE  GAS  AND  GASOLINE  ENGINES 
Stationary,  Portable  and  Iraction 


*ii«iiiy 


For  all  general  stationary  power  purposes  this  engine  is  our  standard  type, 
adapted  to  mills,  factories,  workshops,  mines,  electric  Ughting  plants,  and 
in  fact,  any  place  whare  absolutely  steady  and  reliable  power  is  required. 

THE  HEER  TWO  CYLINDER  OPPOSED  ENGINE 

When  it  is  desired  to  develop  power  in  units  of  from  5  to  100  H.  P.  the  two 
cyHnder  opposed  type  of  gas  or  gasoHne  engine  gives  better  satisfaction  at  less 
expense  for  room,  fuel,  and  attendance  than  any  other  prime  mover. 

The  Two  Cylinder  Opposed  requires  no  excess  weight  to  hold  it  in  place — 
its  perfect  balance  and  evenness  of  construction  retains  its  equilibrium  and 
requires  absolutely  no  re-adjustment  when  moved  to  another  location.  In  the 
elimination  of  vibration  there  is  naturally  a  saving  of  its  energy,  thus  develop- 
ing greater  power  at  a  lesser  cost. 

Another  very  important  feature  and  advantage  of  the  Two  Cylinder  Opposed 
is  the  securing  of  practically  two  engines  in  one  or  an  emergency  plant  in  case  one 
cylinder  gets  out  of  order  or  needs  repairing  for  any  cause;  it  can  be  disconnected 
instantly  without  loss  of  time  and  the  engine  will  run  indefinitely  on  one  cylinder. 
This  is  a  very  valuable  feature  which  an}'  user  of  power  will  appreciate. 

CONSTRUCTIONAL  FEATURES 
Four  Cycle  Operation  conceded  most  economical  of  fuel. 
Mixer  or  Carburetor  a  combination,  if  desired  can  be  used  for  gas  or  gasoline,  and 

changed  from  either  fuel  to  the  other  without  stopping  the  engine. 
Fuel  may  be  natural  or  manufactured  gas,  gasoline,  California  distillate,  kero- 
sene, solar  oil,  or  Oklahoma  distillate. 
Ignition  is  Jumj)  Spark,  the  simplest  and  most  reliable. 
Speed  is  controlled  by  governor  and  can  be  changed  as  tk-sired. 
Power  and  Test.    A  brake  test  is  given  each  engine,  and  all  engines  are  rated  at 
less  than  theii'  brake  horse  power. 

DIMENSIONS  OF  STATIONARY  TYPES 


Size  of  Engine  in  Rated  Hor-^e  Power 


Bore  of  Cylinder 

Stroke 

Diameter  of  Crank  Shaft  in  Ping  and  Bearings. .  . 
Crank  Shaft  Extended  on  One  End  for  Pulley.. .  . 

Full  Length  of  Crank  Shaft  Regular 

Full  Length  of  Crank  Shaft  Extended  both  ends 

Length  of  Bate  at  Bottom 

Width  of  Base  at  Bottom 

Tj<'nirth  of  Engine  over  all 

Width  of  Engine  over  all  Regular 

Diameter  of  Fly  Wheels 

Pulley  any  size  up  to  (Larger  Size  Extra) 

Revolutions  per  I\Iinute  (Normal). .  .  . , 

Total  Weight  of  Complete  Engine 

Style  Number 


0  H.  P. 

16  H.  P. 

25  H.  P. 

40  H.  P 

5" 

6" 

7" 

9" 

o 

6 

7 

10 

2 

2?^ 

2H 

4 

6 

8 

10 

12 

31  >s' 

371^ 

43  « 

573^ 

36-^8 

445^ 

525/s 

68J-8 

40 

4634' 

53  Jo 

66 

20 

23 

26 

34 

50"^ 

59  "s 

6834 

99!^ 

Si's 

371^ 

43)^ 

57  H 

26 

304 

35 

48 

14 

16 

24 

30 

GOO 

500 

450 

350 

JSOO 

1300 

2200 

5200 

20 

21 

22 

23 

Write  for  Catalogue. 
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Gas  and  Oil  Engines 


THE   ST.    MARYS  MACHINE  CO. 

ST.  MARYS,  OHIO 

OIL  ENGINES  AND  SUCTION  GAS  PRODUCERS;  HEAVY-DUTY  TANDEM  ENGINES; 
SINGLE-CYLINDER  SOLAR  OIL  AND  DISTILLATE  ENGINES;  PORTABLE  ENGINES; 
TRACTION  ENGINES.    ENGINES  FOR  EVERY  POWER  PURPOSE. 


HEAVY-DUTY  TANDEM  GAS  ENGINE 
Maximum  Size  480  h.p. 
This  engine  oper- 
ates on  the  four- 
stroke  cycle.  There 
are  two  cylinders 
arranged  tandem, 
each  having  one 
single-acting  piston. 
The  two  pistons  are 
connected  by  a  wa- 
ter-cooled piston 
rod,  the  front  piston 
serving  as  a  cross- 
head  carrying  the 
wrist  pin,  and  but 
one  connecting  rod 
and  crank  is  neces- 
sary as  the  pistons 
move  together.  This  engine  lends  itself  to  various  combinations  for  increas- 
ing the  power  of  a  plant. 

DUPLEX  SOLAR  OIL  ENGINES 
50  h.p.  up  to  150  h.p. 

This  engine  is  designed  for  use  with  natural  gas,  city  gas,  gasoline,  distillate, 
solar  and  crude  oils,  and  is  of  the  throttle-controlled  type.  An  impulse  is  obtained 
at  each  revolution,  resulting  in  greater  steadiness. 

The  regulating  device  on  these 
engines  consists  in  vertical  balanced 
valves  which  are  moved  by  the 
governor  and  actuated  by  levers. 
The  air  and  gas  valve  areas  are 
proportioned  to  supply  gas  and  air 
in  the  proper  proportions  to  form  an 
inflammable  mixture  of  constant 
quality  in  any  quantity  that  the 
governor  may  demand. 

The  lay  shaft,  igniter,  eccentric, 
governor  and  pump  are  common  to 
both  cylinflers.  Each  cylinder  has 
its  own  regular  mixing  chamber 
attached  directly  to  throttling 
chamber,  doing  away  with  long 
intake  pipes  that  cause  a  governor 
to  operate  so  sluggishly.  This  in- 
sures the  correct  amount  of  mixture 
in  both  cylinders,  and  at  no  time 
is  the  explosion  greater  in  one 
cjiinder  than  in  the  other  or  than 
the  horse  power  required,  hence  a  steady  power. 

SINGLE-CYLINDER  SOLAR  OIL  ENGINES 
10  h.p.  up  to  90  h.p. 
These  engines  operate  on  the  four-cycle  plan  and  are  designed  to  embody 
ever}'  feature  calculated  to  in-vu'e  the  greatest  strength  and  symmetrical  appear- 
ance of  the  engine. 
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Gas  Engines  and  Producers 


THE   WISCONSIN   ENGINE   CO. 

CXJRLISS,  WISCONSIN 
COMPLETE  PLANTS 

GAS  OIL  STEAM 

ADAMS  WISCONSIN  GAS  ENGINES.  ADAMS  WISCONSIN  KEROSENE  GAS  ENGINES. 
WISCONSIN  HIGHER  SPEED  CORLISS  ENGINES.  PRODUCERS  TO  FIT  THE  FUEL: 
ANTHRACITE,  BITUMINOUS,  LIGNITE,  OIL  PRODUCERS. 


1500  KW  Unit 

ADAMS  WISCONSIN  GAS  ENGINE: 

.Standard  Sizes  150  KW  to  1500  KW. 

Simple,  reliable  and  suited  to  any  gas. 

With  these  engines  we  furnish  ''Producers  to  fit  the  Fuel." 

WISCONSIN  ANTHRACITE  PRODUCER: 

An  up-draft  producer  with  angle  of  repose  grates,  adapted  to  economical  use 
of  smaller  sizes  of  anthracite  fuel. 

WISCONSIN  BITUMINOUS  PRODUCER: 

A  down-draft  producer  with  water  seal  base,  automatically  stoked  with  com- 
pressed mixture,  makes  no  tar,  can  be  operated  continuously. 

WISCONSIN  LIGNITE  PRODUCER: 

An  up-draft  producer  with  angle  of  repose  grates.     Special  arrangements  to 
utilize  the  lighter  lignite  tars. 

WISCONSIN  OIL  PRODUCER: 

A  down-draft  producer  forming  a  clean  fi.xed  gas  from  lowest  grade  crude  or 
fuel  oils;  forms  a  low  hydrogen  gas,  free  from  tar. 
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Oil  Engines  and  Stenni  Engines 


THE  WISCONSIN   ENGINE   CO. 

COKLISS,  WISCONSIN 

COMPLETE  PLANTS 
GAS  OIL  STEAM 

ADAMS  WISCONSIN  GAS  ENGINES.  ADAMS  WISCONSIN  KEROSENE  GAS  ENGINES. 
WISCONSIN  HIGHER  SPEED  CORLISS  ENGINES.  PRODUCERS  TO  FIT  THE  FUEL: 
ANTHRACITE,  BITUMINOUS,  LIGNITE,  OIL  PRODUCERS. 


ADAMS-WISCONSIN  KEROSENE  GAS  ENGINE 
Capacity  50  BHP  to  200  BHP.     Built  under  Rumely  patents.     Gasifies  and 
USPS  kerosene,  gas  oil,  naphtha  or  gasoline.     All  these  oils  are  gasified  in  a  cold 
carburetor  exactly  as  gasoline  is  gasified.     200,000  HP  now  in  use. 


WISCONSIN  HIGHER  SPEED  CORLISS 
ENGINE 

A  heavy  duty  engine,  built  in  capacities  100  HP 
to  12,000  HP,  for  all  purposes.  Highest  efficiency 
for  those  who  demand  the  best.  Bulletin  C-4  tells 
the  details. 

The  Badger  Engine  Jack  turns  an  engine  over. 
Uses  steam  or  compressed  air.  Get  the  story — 
Ask  for  Bulletin  C-5. 
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Enqines,  Boilers,  Feed  Heaters 


THE  BROWNELL  CO. 

DAYTON,  OHIO 
ENGINES,  BOILERS,  FEED  WATER  HEATERS  AND  TANKS 


SIMPLE  AND  COMPOUND  ENGINES 
PLAIN   SLIDE  VALVE  AND   AUTOMATIC 

BELTED  OR  DIRECT  CONNECTED 
OF  ALL  SIZES  AND  FOR  ALL  PURPOSES 


"DAYTON"  VERTICAL  STEAM  ENGINES 

for  Simplicity  and  Small  Floor  Space. 


Carried  in  Stock: 
From  310x4  2H.P. 

To       719x8  16  H. P. 


Tlii.-;  engine  is  furnished  s-eparately  or  combined 
with  our  Vertical  boiler  on  one  solid  base.  The 
combined  outfit  makes  an  ideal  self-contained  power 
\^]M\\  and  cannot  be  equalled  for  compactness, 
simplicity  and  ea-e  of  operation 


Our  Data  Bulletin  No.  D-112  will  be  useful  to  you,  and  will  be  mailed  upon 
request  to  Managers,  Superintendents  and  Engineers. 
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Engines,  Boilers,  Feed  Heaters 


THE  BROWNELL  CO. 

DAYTON,  OHIO 


yawE'it'i-Lif 


BOILERS   OF   EVERY   CLASS   AND    SIZE    ' 
FOR  ANY  CONDITION  OF  SERVICE 

All  of  our  Boiler.s  are  built  under  the  direct  inspection  of,  and  tested  by,  a 
special  licensed  boiler  inspector  of  the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Company,  and  will  be  insured  for  one  year//'ee  of  charge,  if  desired. 


FEED   WATER   HEATERS   AND   LIME 

EXTRACTORS,  OPEN  AND 

CLOSED  TYPES 


Percent s  you  save  in  fuel  consumption  by 
heating  feed  water : 


Initial  Temperature  of  Water 

Final 

Tempera- 

ture 

32° 

40° 

50° 

60° 

70° 

60° 

2  39 

1.71 

0.86 

80 

4.09 

3.43 

2  59 

1.74 

0  88 

100 

5.79 

5.14 

4  32 

3.49 

2.64 

120 

7.50 

6.85 

6  05 

5.23 

4.40 

140 

9.20 

8.57 

7.77 

6.97 

6.15 

160 

10.90 

10.28 

9  50 

8.72 

7.91 

180 

12  60 

12.00 

11   23 

10.46 

9  68 

200 

14.30 

13.71 

13.00 

12  20 

11.43 

Our  Data  Bulletin  No.  D-112  will  be  useful  to  you,  and  will  be  mailed  upon 
request  to  Managers,  Superinl(>ndents  and  Engineers. 
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Boilers 


JOHN   MOHR  k  SONS 


349-359  W.  Illinois  St. 


CHICAGO,  ILI.. 


GARBE    WATER     TUBE     BOILER,   BLAST   FURNACES,   STEEL   LADLES,  HOT  STOVES, 
CUPOLAS,  FURNACES,  MIXERS,  CONVERTERS,  STERILIZERS,  ETC. 


THE  GARBE  BOILER 

Special  Advantages 

All  handholcs  with  their 
troublesome  and  expensive  gas- 
kets are  eliminated,  as  the  tubes 
are  expanded  into  very  large 
drums  which  are  equipped  with 
the  patented  pressed  "Garbe" 
Plate.  Any  tube  can  easily  and 
quickly  be  inserted,  removed 
and  replaced  without  disturb- 
ing any  of  the  others. 

Elimination  of  all  flat  surfaces, 
stay  bolts  and  braces.  All  parts 
of  Boiler  are  cylindrical  and 
curved. 

All  tubes  are  absolutely 
straight  and  nearly  vertical, 
therefore  the  entire  circumfer- 
ence of  tube  is  directly  exposed 
to  the  gases.  The  effective  heat- 
ing surface  is  materially  larger 
than  that  obtained  by  horizontal 
tubes. 

The  upper  drum  is  suspended  from  a  substantial  structural  frame  work, 
absolutely  independent  from  the  mason  work.  The  lower  drum  is  in  contact  with 
two  slides  or  guides,  thereby  allowing  free  expansion  of  tubes,  equalizing  the 
strain  between  drums  and  reducing  chances  of  leakage  to  a  minimum. 

The  vertical  arrangement  of  tubes  allows  the  steam  to  develop  very  freely 
and  to  flow  by  the  shortest  way  possible  without  changing  direction  to  the  ujiper 
drum,  thereby  causing  a  very  rapid  circulation.  The  tubes  are  distributed  over 
the  full  length  of  the  Boiler,  thus  giving  a  large  and  uniform  steam  liberating 
sm-face,  equal  to  the  full  area  of  the  tubes.  This  vertical  arrangement  of  tubes 
will  do  away  with  local  overheating  and  consequent  rupture  of  the  tubes  so 
often  occurring  in  horizontally  arranged  tubes. 

Soot,  dust  and  ashes  cannot  accumulate  on  tubes  or  any  part  of  drinu,  thereby 
allowing  longer  periods  of  operation  without  the  necessit}'  of  cleaning. 

Large  water  capacity,  due  to  the  extremely  large  size  of  upper  and  lower  chum, 
insuring  a  more  constant  water  level  than  any  other  Boiler. 

The  feed  water  passes  through  the  rear  bank  of  tubes,  which  have  the  lowest 
temperature,  to  the  lower  drum  and  deposits  therein  all  impurities. 

Over  half  of  the  entire  heating  surface  is  effective  in  liberating  steam. 

Practically  no  scale  in  tubes  owing  to  rapid  circulation  and  vertical  tubes. 
Further  Information  on  Request. 


Garbe  Patent  Water  Tube  Boiler 
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Radial  Brick   Chimneys 


ALPHONS  CUSTODIS  CHIMNEY 
CONSTRUCTION  CO. 

Bennett  Building,  NEW  YORK 


Chicago.  111..  First  NiU'l  Hank  RMk.      Atlanta.  Ga.,  Empire  Rldg. 

Philadelphia,  Pa.,  Penn  Mutual  Hldg.     Detroit,  Mich..  Moffat  Bldg. 

Kansas  City,  Mo.,  Keliance  BldR.  Hoston,  Mass.,  Oliver  Bldg. 

San  Juan,  I'orto  Rico,  Belaval  Bldg. 


Montreal,  301  Univonsity  St. 
Toronto,  Stair  Rldfi. 
Ottawa,. SI  Hank  Si, 
Winnipeg,  •14.'j  Main  St. 


DESIGNERS  AND  BUILDERS  OF  RADIAL  BRICK  CHIMNEYS 

All  Sizes  For  All  Purposes 


Wo  (losio;n  chimneys  of  all  sizes  and  for  all  purposes. 
The  boilers,  the  coal  used,  temperatures,  gases  gene- 
rated, geographical  location  and  many  other  condi- 
tions affect  the  determination  of  the  most  economical 
and  efficient  size  of  a  chimney. 

The  ALPHONS  CUSTODIS  CHIMNEY  CON- 
STRUCTION COMPANY,  through  its  forty  years 
of  experience,  is  equipped  to  give  expert  advice  as  to 
the  size  and  shape  of  any  kind  of  a  chimney  for  any 
purpose,  as  well  as  make  recommendations  through 
their  engineers  regarding  boiler  lay-outs,  size,  shape  and 
design  of  flues.  If  you  will  tell  us  your  conditions  and 
the  results  you  wish  to  accomplish,  we  will  promptly 
tell  you  the  correct,  efficient  and  economical  size  of 
chimney,  and  will  make  recommendations  to  you,  not 
from  theoretical  tables,  but  from  forty  years\expe- 
rience  and  impublished  data  we  have  collected  from 
actual  working  conditions  of  our  chimneys  all  over  the 
world. 

The  fact  that  over  6000  Custodis  Radial  Brick  Chim- 
neys are  now  in  successful  operation  is  conclusive 
proof  of  their  efficiency,  permanency  and  economy. 


The  Tallest  and  Largest 

Chimney  in  the  World. 

Weight  17,000  tons. 


View  of  completed  chimney. 
Boston  &  Montana  C.  C.  & 
S.M.Co.,  Great  Falls,  Mont. 
5o6'x5o'o".       Built  in  1908. 


The  Perforated  Radial  Blocks  are  made  only  from 
the  purest  clays,  selected  for  high  refractory  powers 
and  high  crushing  strength.  Special  attention  is  given 
to  our  brickyards  to  make  the  proper  mix  of  clays  in 
the  right  proportion  to  produce  a  radial  chimney  whicli 
wi'l  resist  heat  strains  as  well  as  strains  from  weigh  1 
and  wind. 

All  the  radial  blocks  are  formed  to  suit  the  circular 
and  radial  lines  of  each  part  of  the  chimney,  so  that 
they  can  be  laid  with  thin  even  joints  and  produce  a 
regular  smooth  surface. 

The  blocks  are  larger  than  common  bricks,  making  the  number  of  mortar 
joints  in  a  RADIAL  BRICK  CHIMNEY  one-third  of  those  in  a  common  brick 
chimney  of  the  same  size. 

Moulded  with  vertical  perforations,  as  shown  in  the  cuts  above,  the  RADIAL 
BLOCKS  are  most  thoroughly  and  uniformly  burned,  increas-ing,  to  a  marked 
degree,  their  density  and  strength.  The  perforations  form  a  dead  air  space 
around  the  chimney,  insulating  the  hot  column  of  rising  gases  on  the  inside  from 
sudden  changes  of  temperature  of  the  outer  air,  resulting  in  a  maximum  draft 
under  aU  conditions. 
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Coal  and  Ashes  Handling  Machinery 


C.  W.  HUNT  COMPANY 

^\•EST  NEW  BRIGHTON,     STATEN  ISLAND,     NEW  YORK 

Xow  Yiirk  City  Office:  45  Broadwa.v 

COAL  AND  ASHES  HANDLING  MACHINERY 
FOR  POWER  STATIONS.  BOILER-ROOMS,  COALING  STATIONS,  ETC. 


Single  Door  Charging  Car 


Tip  Car  for  Handling  Ashes 


"INDUSTRIAL"  RAILWAYS  AND  CARS 

These  cars  are  designed  for  bringing  coal  from  the  storage  bins  to  boiler-rooms  and  retort 
houses.  This  is  not  only  the  most  convenient  and  economical  way  of  carrying  coal  to  the  boiler- 
room,  but  it  is  the  least  laborious  in  firing,  as  the  coal  is  at  the  most  convenient  distance  from 
the  furnace  and  at  the  right  level  for  ease  in  shoveling.  The  coal  remains  in  the  car  until  it  is 
shoveled  directly  into  the  furnace,  and  the  floor  of  the  boiler-room  is  kept  entirely  free  from  dust 
and  dirt,  and  as  clean  as  the  most  fastidious  could  desire. 

We  build  a  great  variety  of  narrow-gauge  cars  for  handling  materials.  Full  particulars  will 
he  found  in  our  catalogue,  "Industrial"  Railways. 


SPECIAL  SCALES  FOR  BOILER-ROOM  SERVICE 

These  scales  are  for  use  in  boiler-rooms  and  manufacturing  establishments  where  coal  or 
other  material  is  kept  in  overhead  bins,  from  whence  it  can  be  drawn  into  the  w-eighing  hopper 
and  its  weight  taken.  The  contents  can  then  be  spouted  from  the  lower  end  of  the  hopper  into 
the  steam  boiler  stokers.  The  entire  ov:tfit — scales,  hopper  and  spout — is  suspended  from  a 
trolley  that  runs  along  an  overhead  track;  hence  the  scale  and  apparatus  can  be  moved  from 
boiler  to  boiler;  or  if  separate  scales  are  installed  at  each  boiler,  they  can  be  moved  out  of  the 
way  when  it  becomes  necessary  to  inspect  or  repair  the  boilers.  The  weighing  beam  is  brought 
down  U>  a  convenient  height  from  the  fkxjr. 

THE  HUNT  NOISELESS  GRAVITY  CONVEYOR 

For  Handling  Coal  and  Ashes  in  Power  Plants 

The  Hvmt  Conveyor  is  especially  suitable  for  difficult  in,-tallations,  the  construction  of  the 
chain  being  such  that  the  Conveyor  can  make  quarter  turns,  and  can  run  vertical,  horizontal,  or 
inclined,  the  buckets  hanging  upright  in  all  positions  of  the  chain.  The  Conveyor  is  noiseless 
in  operation,  every  bearing  is  kept  thoroughly  lubricated,  and  the  entire  equipment  is  as  durable 
as  the  best  machine  tools. 

OTHER  HUNT  PRODUCTS 

Cable  and  Automatic  Railways,  Electric  i^ocomotives.  Hoisting  and  Conveying  Machinery, 
Steeple  Towers,  "Stevedore"  Transmission  and  Hoisting  Rope,  etc. 


Gas  Apparatus 


THE  GAS  MACHINERY  CO. 

CLEVELAND,  OHIO,  U.  S.  A. 

COAL  AND  WATER  GAS  APPARATUS    EXHAUSTERS,  CONDENSERS,  SCRUBBERS, 

TAR  EXTRACTORS,  WASHERS,  PURIFIERS,  VALVES,  CONNECTIONS. 

BY-PRODUCT    MACHINERY,    COMPLETE    GAS    PLANTS. 


GASMACO 

Our  business  is  so  largely  concerned  with  specific  requirements  of  individual 
Gas  Companies  that  a  catalogue  of  our  products  is  hardly  feaisible;  but  we  issue 
a  large  number  of  Bulletins  in  which  special  features  and  various  applications  of 
our  products  are  fully  illustrated  and  described. 

BULLETINS  DESCRIBING  THE  FOLLOWING  WILL  BE  SENT 
ON  REQUEST 

I.  COAL-GAS,  OIL-GAS,  and  CARBURETTED  WATER-GAS  PLANTS 
for  illuminating  or  fuel  purposes. 

II.  AMMONIA  APPARATUS  for  making  aqua-,  anhydrous-  or  concen- 
trated ammonia. 

III.  TAR  STILLS. 

IV.  GAS  VALVES  "Cone  Disc"  all  iron  Double  Gate  Valves,  Angle  Valves 
and  Gas  Connections. 

V.  BLUE-WATER-GAS-PLANTS  for  welding,  brazing,  etc. 


VI.  GAS  PRODUCERS  for  small  anthracite 
coal,  made  in  sizes  from  35  H.  P.  to  300  H.  P.  for 
fuel  and  power  purposes. 


Gas  Producer 


VII.     MUFFLE    FURNACES  for  enameling,   direct   or  producer-gas  fired, 
with  recuperators  to  save  a  large  amount  of  the  heat  in  waste  gases. 

VIIL     BRICK  KILNS,  continuous  tunnel  kilns. 
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Automatic  Smokeless  Furnaces 


THE   MODEL  STOKER  COMPANY 

DAYTON,    OHIO 
THE   MODEL  AUTOMATIC   SMOKELESS  FURNACE 


We  manufacture  exclusively  the  Model  Automatic  Smokeless  Furnace.  An 
automatic  furnace  for  power  boilers  which  both  stokes  and  cleans  the  fire,  in- 
suring practically  complete  or  smokeless  combustion,  decided  economy,  superior 
utility,  durabilit}'  and  low  cost  of  maintenance. 

It  is  an  advance  development  of  the  double  or  side  feed  type. 

All  parts  are  well  protected  against  destructive  heat  and  readily  adjustable  to 
suit  requirements.    Stoker  engine  uses  only  about  J 2  of  1%  of  steam  made. 

Any  or  all  parts  can  be  operated  by  hand.  Combustion  is  complete  in  fire 
chamber,  and  there  is  no  smoke  even  when  heat  gases  pass  directly  from  under 
the  arch  to  the  water  surface  of  boiler. 

The  improved  construction  renders  it  the  most  durable  and  most  efficient 
furnace  in  use.  Requires  less  fuel,  less  labor  and  less  cost  for  maintenance  for 
any  given  duty.  Uses  successfully  any  soft  coal  of  feedable  size.  Responds 
readily  to  any  variations  and  will  crowd  a  boiler  quickly  and  strong.  Ailaptable 
to  any  style  of  boiler  and  to  every  class  of  duty  requiring  high  temjjeratures. 

Coal  can  be  supplied  by  gravity  or  by  hand  and  ash  removed  mechanically  or 
by  hand. 

Improved  Construction  and  Operation 

The  improvements  embodied  in  the  Model  Automatic  pertain  to  simpler  and 
better  construction,  interchangeability  of  parts,  greater  durability,  ready  access 
and  minimum  cost  for  renewals,  adjustability  to  meet  varying  requirements  due 
to  variations  in  fuel  or  of  duty,  regularity  of  fire,  variable  to  suit  requirements, 
constant  automatic  cleaning  of  fire,  insuring  continuous  smokeless  combustion, 
greater  utility  and  minimum  labor  for  attendant. 

Its  efficiency  and  general  utility  is  admittedly  unequaled  by  any  other  type 
or  make  of  boiler  furnace. 

The  only  furnace  which  KEEPS  the  fire  CLEANED. 
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Shaking  and  Dumping  Grates 


NEEMES  BROTHERS 

24-30  River  Street,        established  1874        TROY,  N.  Y.,  U.  S.  A. 

Babcock  &  Wilcox,  Lmtd.,  Montreal,  Canada.     Sole  makers  for  Canada. 

The  Burke  Engineering  Co.,  525  Industrial  Trust  Bldg.,  Providence,  R.I. 

Sole  Agents  for  the  New  England  States. 

MANUFACTURERS   OF   SQUARE   AND   ROUND    GRATES 


A  COAL-SAVING  GRATE 

A  grate  which  uses  the  coal  wastelessly  and  which  is  so  constructed  that  long  life  and 
continually  satisfactory  grate  service  are  features. 

NEEMES  BROS.  IMPROVED  SHAKING  AND  DUMPING  GRATE 

It  is  a  triple  value  grate — enables  you  to  shake  out  your  ashes,  cut  out  your  clinkers,  or  dump 
your  fire,  if  necessary.  This  grate  cuts  the  clinker  from  both  sides  of  the  shaker  alike.  Thib  is  the 
kind  of  a  grate  that  is  wanted  today,  and  not  one  that  merely  shakes  out  a  little  ashes.  It  burns 
all  kinds  and  grades  of  fuel,  and  burns  it  all  up.  The  construction  of  the  grate  is  strong.  The  teeth 
cannot  break  off,  as  we  cut  and  crush  the  clinker  in  the  center  of  the  concaved  teeth,  and  not  on 
the  points  cf  the  teeth.  It  is  easy  to  operate,  thoroughly  dependable;  it  accomplishrs  perfect 
results  with  cheaper  coal  and  with  less  coal  than  ycu  are  now  using,  thus  effecting  a  double  saving, 
and  assures  perfect  combustion  of  any  grade  j-ou  may  use.  The  Lock  Box  is  also  nn  important 
feature.  When  the  shakers  are  set  in  the  frame,  and  the  boxes  put  in  with  the  T>ocks,  no  shaker 
can  pr  ssibly  raise  in  the  fire. 

This  f:rate  is  backed  by  many  years'  experience  as  grate  manufacturers. 
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Pumps  and  Feed-Water  Heaters 


THE  BLAKE  k  KNOWLES  STEAM 
PUMP  WORKS 

Main  Office:    115  Broadway,    New  York 
Factory:   East  Cambridge,  Mass. 


FEED    WATER 
HEATERS 


I5oth  Open  and  Closed 
Types 


Sizes  for  all  condition.* 
of  service 


ROTATIVE  DRY  VACUUM 
PUMPS 


Bteani  and  Power 


For  High  Vacuum  Service 


SINGLE    COMPOUND 
PLUNGER   PUMPS 

For  Boiler  Feeding,  Elevator 
Service,  Etc. 


.r<a(«£;  • 


%]MMMJI^M. 


^ 


■^       % 


VERTICAL 

HIGH  SPEED 

STEAM  ENGINES 


SiiiL^lc  or  ])(iul)l(' 


For  Pumping 

or  Generating 

Service 


IMPROVED  SliMPLEX  PUMPS  for  Boiler  Feeding,  Pressure  and  l\uik  Service 
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Condensing  Apparatus 


HENRY  H.  W0RTHINC;T()N 

llo  BROADWAY,  NEW  YORK 


SURFACE,  BAROMETRIC  AND  CENTRIFUGAL  JET  CONDENSING  SYSTEMS,  COM- 
PLETE WITH  AUXILIARIES  FOR  HIGH  VACUUM  WORK:  —  COOLING  TOWERS, 
DUPLEX  DIRECT-ACTING,  CENTRIFUGAL,  TURBINE  PUMPS  FOR  EVERY  SERVICE; 
BOILER  FEED,  ELEVATOR,  FIRE,  PRESSURE  PUMPS;  WATER  METERS;  WATER 
WORKS,  SEWAGE  AND  DRAINAGE  PUMPING  ENGINES. 


One  of  the  N.  Y.  C.  &  H.  R.  R.  Co.  Power  Plants 


Ail  WORTHINGTON  CONDENSING  APPARATUS,  whether  of  the  SUR- 
FACE or  JET  type,  is  designed  upon  the  counter-current  principle,  and  is 
(•:ipahle  of  maintaining  in  service  the  highest  vacuum  attainable  with  the 
(luuntity  and  temperature  of  water  for  which  it  is  designed. 

The  success  of  this  apparatus  has  been  due  to  its  careful  development  along 
scientific  engineering  lines,  in  many  of  which  the  WORTHINGTON  COMPANY 
was  the  Pioneer.  All  of  the  details  of  design  are  carefully  worked  out  with 
r;'ference  to  durability  as  well  as  efficiency  and  absolute  reliability  in  service. 

The  WORTHINGTON  COMPANY  will  be  pleased  to  furnish  preliminary 
estimates,  drawings  and  advice  at  all  times. 
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fVater  Softeners 


THE   KENNICOTT  COMPANY 

CHICWCIO  HEIGHTS,  ILL. 


Sales  Office 

1 1th  Floor  Cora  Exchange  Bank  Building, 

Chicago,  111. 


Eastern  Office 

50  Church  Street, 

New  York,  N.Y. 


WATER  SOFTENERS  FOR  THE  TREATMENT  OF  WATER  FOR  BOILER  FEED  PUR- 
POSES, FOR  RAILROADS  AND  INDUSTRIAL  PLANTS,  FOR  THE  USE  OF  LAUNDRIES, 
TANNERIES,  DYE  WORKS,  AND  ANYWHERE  WHERE  A  SOFT,  CLEAR  WATER  IS  OF 
ADVANTAGE. 


DESCRIPTION  OF  OUR  TYPE  "K"  WATER  SOFTENER 

The  type  "K"  KENNICOTT  WATER  SOFT- 
ENER, a  sectional  view  of  the  same  being  shown  at 
the  right  of  this  description,  represents  the  many  vears' 
experience  which  THE  KI.XNICOTT  COMPANY 
has  had  in  WATER  SOFTENING. 

In  order  to  have  a  perfect  water  softener  it  is  neces- 
sary to  have  a  machine  that  will  automatically  treat 
varying  quantities  of  water  with  varying  quantities  of 
materials,  and  which  will  require  the  least  possible 
aini)unt  of  attention  and  soften  a  water  at  the  lowest 
])()ssible  cost.  This  has  been  accomplished  in  our  type 
"K"  machine. 

This  machine  is  continuous  in  its  action,  automat- 
ically starting  and  stopping  with  the  beginning  and 
ceasing  of  the  flow  of  the  water  into  the  softener.  The 
water  is  piunjied  but  once  into  the  softener,  and  it  is 
delivei'ed  at  the  top.  The  water  as  it  flows  into  the 
softener  furnishes  all  the  power  the  apparatus  requires, 
both  for  mixing  the  chemical  reagents  of  the  water  to 

be  jKU-ified  as  well  as  for  ojjcrating  automatically  all  tlie  mechanism  of  the 
apparatus.  One  great  particular  advantage  of  this  machine  is  that  the  parts 
REGULATING  the  feed  of  chemicals  do  not  come  in  contact  with  the  chemicals 
and,  therefore,  cannot  be  subject  to  stoppage  and  cannot  in  any  way  be  alTected 
by  the  chemicals. 

The  conical  down-take  in  the  softener,  and  thorough  mixing  which  the  water 
receives  in  the  top  of  the  down-take  is  of  the  greatest  possible  advantage  in 
reaction  and  sedimentation.  By  the  above  means  the  water  becomes  quiet  as 
quickly  as  possible  after  being  thoroughly  mixed  with  the  chemicals.  The 
softeners  are  designed  so  that  the  rate  of  flow  in  inches  per  hour  is  low  and 
sedimentation,  therefore,  takes  place  very  rapidly. 

The  softeners  are  designed  to  be  either  top  operated,  where  it  is  necessary  to 
economize  on  ground  space,  or  all  the  chemical  mixing  and  feeding  tanks  can 
be  located  on  the  ground. 

Many  machines  of  both  types  can  be  seen  in  operation  and  have  been  in  opera- 
tion for  several  years. 

This  type  "K"  softener  has  been  built  in  evei-y  size  from  150,000  gallons  of 
water  per  hour  to  500  gallons  of  water  per  hour.  The  largest  CONTINUOUS 
STEEL  TANK  SOFTENER  in  the  world  having  been  built  and  installed  by 
THE  KENNICOTT  COMPANY.  All  oiu-  experience  has  been  directed  towards 
building  a  machine  which  is  guaranteed  to  produce  uniform  results  and  WE 
HA\  E  MADE  GOOD. 

We  publi.sh  a  full  description  of  the  operation  of  this  type  "K"  softener  which 
gives  detailed  information  and  also  gives  photographs  of  many  of  the  softeners 
which  have  been  installed  for  some  of  the  best  known  firms  and  railroads  in  this 
coimtry  and  abroad.  They  cover  almost  every  line  of  business.  The  matter 
referred  to  will  be  mailed  you  upon  request. 
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RediicitKj  Valves  and  Engine  Governors 


WATERS  CiOVERNOR  COMPANY 

1122  Olivek  Blik;.,    BOSTON,  MASS. 
REDUCING   VALVES   AND    ENGINE    GOVERNORS 


ENGINE  GOVERNORS 

'rh(>s(>  Governors  are  suitable  for  every  variety 
of  stationary  and  portable  steam  engine.  They 
have  adjustable  speed  regulation,  automatic  safety 
stop,  lawyer's  lever,  solid  composition  valves  and 
seats,  and  all  parts  interchangeable. 

The  Waters  Governors  have  been  in  use  over 
foi'ty  years  and  have  steadily  grown  in  favor  since 
their  introduction.  The  design  is  such  that  they 
are  not  affected  by  the  action  of  gravity,  the 
weight  remaining  always  in  the  same  plane.  The 
valve  is  of  large  area,  greatly  in  excess  of  the  steam 
pipe,  and  being  quick  acting  and  sensitive,  insures 
economical  results  as  w^l'  as  close  regulation.  The 
valves  are  evenly  balanced  and  have  large  openings 
with  tmall  travel. 

Catalog  on  Request. 

REDUCING  VALVES 

The  accompanying  illustration  shows 
oiu"  Improved  Reducing  Valve.  The 
''simplicity"  of  its  construction  can 
reaelily  be  seen  and  appreciated,  while 
its  "accessibility"  can  also  be  notcel  at 
a  glance. 

Diaphragm  is  connected  by  a  3i^ 
inch  pipe  with  the  low  pressure  side, 
and  the  pressure  in  the  diaphragm 
chamber,  working  against  the  sv)ring, 
tends  to  close  the  valve,  spring  open- 
ing the  valve  when  the  pressiu-e  falls. 
A  wiele  ninge  of  reduced  ]:)ressures  can 
be  easily  anel  quickly  obtained.  Par- 
ticularly elesirabJe  for  steam  heating 
l)urposes.  The  square  weight,  fastencel 
with  a  set  screw,  is  simply  a  counter- 
weight, to  be  moved  in  or  out  as  the 
case  may  be,  to  obtain  any  pressure  in 
between  any  two  weights  placeel  on  the 
scale  pan.  These  valves  require  no 
head  room,  hanging  below  the  line  of  piping,  and  can  be  removed  downward, 
leaving  valve  chamber  only  in  line  of  pipe. 

We  wish  to  emphasize  the  fact  that  with  Waters  Valves  it  is  not  necessary  to 
buy  a  special  valve  with  outlet  larger  than  inlet,  at  increaseel  cost.  With  our 
valves  an  enlarged  outlet  flange  answers  exactly  the  same  purpose,  because  the 
control  to  operate  our  valve  is  taken  outside  the  valve  itself.  Valves  and  seats 
maele  of  a  special  mixture  can  be  furnisheei  for  use  with  superheated  steam.  All 
])arts  made  interchangeable.  Our  eliai)hragms  are  maele  of  special  flat  stock  and 
:  hape  themselves.  In  an  emergency  nny  good  sheet  packing  can  be  used  tenqio- 
rarily.  A  special  valve  for  vacuum  heating  systems  is  made  with  very  large 
diaphragm  and  double-ended  single  lever,  to  reduce  to  atmosphere  or  below. 

Write  for  Catalog. 
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Feed-Water  Heaters 


THE  NATIONAL  PIPE  BENDING  CO. 


Boston  Office 
54  High  Street 


Main  Olfiee  and  Works 

NEW  HAVEN,  CONN. 


New  York  Office 
149  Broadway 


THE  NATIONAL  COIL  OR  CLOSED  FEED-WATER  HEATER.  THE  NATIONAL  DIRECT 
CONTACT  FEED-WATER  HEATER  AND  PURIFIER.  NATIONAL  STORAGE  HEATERS, 
NATIONAL  STEAM  AND  OIL  SEPARATORS,  COILS  AND  BENDS  OF  IRON,  BRASS 
AND  COPPER  PIPE.  

THE  NATIONAL  DIRECT  CONTACT  FEED-WATER  HEATER  AND 

PURIFIER 


MB-Jtrl 


METHOD  OF  TRANSMITTING  HEAT  FROM  EXHAUST  STEAM 
TO  THE  WATER 

From  ;i  regulating  valve,  the  water  enters  a  niaiiifold  east  on  the  front  head  of 
the  heater  which  serves  as  a  distributing  ehaniher  to  the  eontaet  i)ij)es,  whieh 
consist  of  a  double  cast-iron  pipe  cast  together  one  within  the  other,  and  closed 
at  opposite  ends. 

The  Water  Pipe  (A)  has  a  port  extending  its  full  length  upwards  to  the  out- 
side surface  of  the  steam  pipe  with  vertictil  walls  isolating  one  from  the  other. 

The  Steam  Pipe  (B)  has  a  port  its  fidl  length  at  the  bottom,  through  which 
all  the  steam  must  pass  to  enter  the  Heater. 

The  water  entering  the  wtiter  pipe  flows  upward  through 
the  port  and  passes  in  a  thin  film  over  the  entire  out(r 
siu'faee  closely  all  the  way  around,  until  it  r(>aches  a  rib 
l)rojecting  from  each  side  of  the  port  ojiening  at  the  bottom 
of  the  steam  pipe,  where  it  is  broken  up  into  two  sheets  of 
fine  spray. 

The  steam  after  passing  through  the  Oil  Separator  enters 
the  steam  pipe,  and  the  only  outlet  for  the  steam  is  the  j)ort 
at  the  bottom. 

The  Cold  Water  Pipe,  being  inside  of  the  Steam  Pipe,  is 
sin-rounded  by  steam  and  the  coldest  water  and  hottest 
st(>am  ar(>  first  brought  together  throuph  contact  with  the 
thin  walls  of  the  Water  Pii)e,  then  the  pre-heated  water  is 
ftu'ther  heat(>d  as  the  thin  film  of  water  passes  over  the  outer  surface  of  the  steam 
])ipe,  and  finally  all  of  the  water  and  all  of  the  steam  are  brought  into  direct  and 
actual  contact. 


Section  of  Contact 
Pipe 


m 


Oil  Separators 

THE  NATIONAL  ITPP:  BENDINC;  CO. 


back  he 
liaviiifi 


;ul  and  is 

a  nnilti-i 


of  the 

)()rl('(l 


THE  OIL  SEPARATOR 

The  Oil  Separator  is  part  of  the  Ilca((M-  and  forms  the 
same  diameter  as  the  sliell.  It  is  of  the  gravity  type, 
baffle  plate,  each  port  having  an  individual  bafile. 

These  individual  baffles  are  obtained 
by  having  an  opening  in  the  back  of 
pipes  which  extend  from  the  ports  in 
baffle  plate  to  the  outer  wall  of  the 
Separator.  They  absolutely  prevent 
oil  from  being  carried  into  the  heater. 
The  large  cubical  capacity  of  the  Sepa- 
rator not  only  insures  the  effective 
separation  of  oil  from  the  exhaust 
steam,  but  it  also  overcomes  the  pulsa- 
tions of  exhaust  and  gives  an  even  flow 
of  steam  to  the  heater. 

FILTRATION 

Upward  filtration  is  used.  A  large 
sediment  chamber  in  the  bottom  of 
heater  relieves  filter  bed  of  unnecessary 
work.    A  quick-opening  blow-off  valve 

on  outlet  from  sediment  chamber  affords  opjiortunity  for  draining  heater  and 
also  causes  a  reverse  current  through  filter  bed,  giving  it  longer  life. 


Oil  Separator  (fart  of  the  Theater  itself) 


THE   NATIONAL   HORIZON- 
TAL OIL  SEPARATOR 

This  Separator  absolutely  re- 
moves the  grease  or  cylinder  oil 
from  exhaust  steam  so  that  the 
steam,  when  condensed,  is  per- 
fectly suitable  for  boiler  feed, 
laundry,  or  dye  house  service, 
ice  making,  or  any  other  similar 
purpose. 

Note  the  multi-ported  baffle 
plate,  each  port  having  an  in- 
dividual baffle,  a  distinctive 
feature  found  only  in  the  Na- 
tional Separators. 


Patent  applied  for 
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Enr/ine  Stops 


THE 
STRONG,  CARLISLE  &  HAMMOND  CO. 

CLEVELAND,  OHIO 

STRONG  ENGINE  STOP,  STRONG  STEAM  TRAP,  STRONG  SEPARATORS  FOR 
OIL  OR  STEAM,  STRONG  VACUUM  TRAPS,  STRONG  REDUCING  VALVES 
STRONG  PUMP  GOVERNOR  AND  PRESSURE  REGULATOR. 


THE   STRONG   ENGINE    STOP 


One  of  ten  engines  in  large  mill  equipped  v.  ith  this  apparatus 
The   Stroiifi;  Engine  Stop  is  com])08ed  of  three  main  parts,  the  quick-closing 
valve,   the   trip   head,    and   the-  speed    limit.       The    stop    may    be    operated 
electrically  or  mechanically  or  by  combining  the  two  methods. 

Whether  electrically  or  mechanically  operated  the 
result  is  the  same:  over-speeding  of  the  engine  is 
impossible.  The  "  Speed  Limit  "  device  at  the  first 
instant  of  "  Running  Away,"  as  evidenced  by  the 
increased  speed  of  the  line  shaft,  throws  out  a  trip, 
wliich  lets  fall  a  rod  and  operates  tlie  "  (^uick  Closing 
Valve."  As  soon  as  the  trip  is  relea.sed,  an  alarm  bell 
starts  ringing  and  continues  to  ring  until  the 
trip  head  is  reset.  The  engine  having  been  brought 
to  a  stop  by  the  closing  of  the 
quick  acting  valve,  cannot  be 
started  until  the  stop  has  been  H  to  stop  engine, 
reset. 


CIRCUIT    CLOSERS 

At  any  desired  jioints  in  the 
Engine  room  or  about  the  mill, 
circuit  closers  may  be  installed 
as  shown  in  the  accompanying 
illustrations,  the  action  of  which 
in  stopping  the  engine  is  practi- 
cally instantaneous. 


Trip   Head  Combined 
Electrical  and  Mechanical 


NO  BELTS,  CHAINS,  GOVERNORS,  ETC. 

The  action  of  the  Strong  Engine  Stop  is  not  dependent 
upon  any  of  the  devices  named  above,  but  is  so  simple 
and  effective  that  we  sell  and  install  it  under  the  same 
guarantee  that  applies  to  all  "  Strong  "  Specialties. 
"We  do7i't  want  a  cent  of  money  until  you  are  satisfied." 


Circuit  Closer  for 
Strong  Engine  Stop 
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THF 
STRONG,  CARLISLE  &  HAMMOND  CO. 


Strong  Vacuum  Trap 

Tlie  Strong  Vacuum  Trap  automatically  removes  water  from  the  vacuum 
liiu'rf  of  condensing  engines,  from  the  receivers  of  compound  engines,  from  vacuum 
oil  separators,  etc.,  thus  preventing  accidents  which  might  otherwise  occur 
from  the  back  suction  of  water  into  engine  cylinders. 

The  Strong  Vacuum  Trap  is  also  designed  for  returning  condensation  from 
coils,  radiators,  etc.  of  low  pressure  heating  systems,  direct  to  the  boiler. 

CONSTRUCTION. — The  Trap  consists  of  a  cylindrical  shaped  body  made 
from  a  high  grade  of  casu  iron,  to  which  is  bolted  the  head.  This  joint  is  ma- 
chined and  absolutely  tight.  To  the  top  of  the  trap  is  attached  the  frame  for 
the  valves  with  a  dry  vacuum  and  atmosphere  ports  as  shown  by  cut.  Into 
this  frame  are  screwed  the  seats  for  the  vacuum  and  atmospheric  valves.  The 
valves  consist  of  ground  brass  balls,  operated  by  levers  having  heavy  phosphor 
bronze  bearings.  The  mechanism  is  operated  by  a  Hercules  patented  copper 
float  connected  by  heavy  phosphor  bronze  and  brass  rods.  No  steel  or  iron  is 
used  in  the  working  parts.  The  traps  have  no  trunnions  to  adjust,  no  stuffing 
boxes  to  pack,  no  tilting  devices  to  balance,  and  REQUIRE  NO  STEAM  l^O 
OPERATE  THEM  wiien  discharging  the  water  to  the  atmosphere  and  only 
a  sufficient  amount  of  steam  to  balance  the  back  pressure  when  discharging 
to  an  elevation. 

There  is  not  a  delicate  part  in  their  construction.  The  valves  are  in  the  top 
of  the  trap  and  may  be  -'nspected  by  removing  the  small  caps  encasing  them. 
It  is  impossible  for  dirt  to  get  at  the  working  parts,  as  they  are  above  the  water 
line  and  almost  the  length  of  the  trap  away  from  the  inlet.  Every  trap  is  in- 
spected and  rechecked  before  leaving  our  factory,  and  is  ready  to  go  into  service. 

TABLE  OF  SIZES  AND  CAPACITIES 


Size 
No. 

Outlet 
and 
Inlet 

Distance 

Floor 
to  Inlet 

Total 
Length 

Total 
Height 

Diam- 
eter 
Body 

Diam- 
eter 
Flange 

Capacity 

Gallons 

Hour — • 

Over 

Ship- 
ping 
Weight 

List 
Price 

8 

Inches 

Inches 
(Center 
of  Inlet) 

16 

Inches 
24 

Inches 
23 

Inches 
11 

Inches 
14 

400 

2.15 

S120.00 

9 

2 

21H 

28 

29 

18 

2OV2 

700 

410 

200.00 

10 

2H 

21 J^ 

28 

1 
29                18 

20J4 

1000 

410 

200.00 

11 

3 

21J^ 

28 

29                18 

20  J^ 

1600 

410 

200.00 

Swing  check  valves  are  furnished  for  inlet  and  outlet.    Ball  and  lift  checks  should  not  be  used 
Discount  on  application 
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THE  FOSKETT  &  BISHOP  CO. 

NEW  HAVEN,  CONN. 

ENGINEERS  AND  CONTRACTORS.  POWER  PLANTS,  GRINNEL  AUTOMATIC 
SPRINKLERS  AND  APPLIANCES.  HEATING.  PLUMBING  AND  GAS  FITTING. 
STEAM  TRAPS,  STEAM  SPECIALTIES 


Patent  Improved  Steam  Trap 


THE  FOSKETT  85  BISHOP  PATENT  IMPROVED  STEAM  TRAPS 

DESCRIPTION.— The  valve  com- 
prises the  seat  which  screws  into  the 
liead,  and  a  disk  which  is  attached  to  the 
s(>at  by  a  hinge  and  has  composition 
l)acking  set  in  a  slot  made  in  said  disk. 

(J  is  a  heavy  copper  ball  or  float 
tested  at  a  pressure  of  300  pounds 
I)er  square  inch,  attached  by  a  brass 
rod  to  the  disk  of  said  valve.  The 
outlet  in  head  is  where  the  water  is 
discharged  from  the  trap;  D  is  tlie 
steam  and  water  inlet;  C  is  a  copper 
strainer  or  basket;  H  is  a  plug,  by 
unscrewing  which  access  is  had  to  the 
strainer  for  cleaning  it;  F  is  an  outlet 
for  drawing  off  all  the  water  from  the 
trap  if  desired,  or  discharging  water 
of  condensation  when  exhaust  steam 
is    used. 

OPERATION. — When  steam  is  let  on  to  radiators  or  coils  to  which  the  trap 
IS  attached,  the  water  flows  before  the  steam  into  the  shell  until  the  float  G  is 
raised,  which  lifts  the  disk  from  the  seat  of  the  valve  and  the  water  is  discharged 
through  outlet  in  head.  When  enough  water  is  thus  discharged  to  allow  float  G  to 
fall,  the  valve  is  closed  and  the  water  again  accumulates  preparatory  to  another 
discharge;  so  it  continues  to  work,  never  failing  to  discharge  the  water  if  enough 
is  i)resent  to  raise  the  float. 

STANDARD  SERVICE. — These  Traps  are  recommended  for  any  service  re- 
quiring the  removal  of  water  of  condensation  without  escape  of  the  steam  behind  it. 

For  draining  the  condensation  from  steam  pipes,  coils,  and  ai)paratus  employed 
in  steam  heating,  steam  kettles,  vacuum  pans,  mash  kettles,  steam  engine  supjily 
pipes  and  separators,  evaporating  pans,  steam  jackets  on  engines  and  pumps, 
ice  machine  stills,  etc. 

PRESSURE  CONDITIONS.— In  ordering  it  is  important  that  the  steam 
pressure  under  which  they  are  to  be  used  sliould  be  stated. 

The  Standard  Trap  is  designed  for  an  extreme  pressure  of  100  pounds,  but 
where  this  pressure  is  to  be  constant,  or  likely  at  any  time  to  exceed  this  limit, 
it  is  better  to  use  the  extra  heavy  type. 

Where  the  Trap  is  to  be  used  under  extreme  low  pressure  conditions, — 1  to 
20  lbs., — the  duty  should  be  specifically  stated,  in  order  that  a  valve  of  proj^er 
area  may  be  supplied.  For  this  duty  the  Standard  Trap  is  furnished,  but  with 
a  larger  opening  than  is  used  for  the  ordinary  service,  which  is  between  20  and 
100  lbs. 

TRAP  CONNECTIONS.— In  selecting  a  Steam  Trap  for  a  given  duty  it 
should  be  borne  in  mind  that  the  size  of  the  inlet  in  no  way  governs  the  capacity 
of  the  Trap,  therefore  the  pipe  entering  Trap  at  "inlet"  may  be  arranged  to  suit 
connections  without  affecting  the  operation  of  the  Trap — care  being  taken  that 
a  Trap  of  proper  capacity  is  selected  for  the  work. 

Should  the  duty  ex(!eed  the  capacity  of  the  largest  Trap  listed,  two  or  more 
Traps  may  be  readily  placed  side  by  side,  connected  to  a  common  horizontal 
header  and  operated  as  one  Trap,  in  order  to  obtain  the  necessary  trappage 
capacitv. 

SIZES,  DIMENSIONS,  CAPACITIES 


N\imber     of     Trap 0 

Size  of  inlet  connection 1       i 

Size  of  oiitlet  connection '2   " 

Maximum  discharge  lbs.  water  per  minute 2 

Greatest  number  of  lineal  feet  of  1  inch  pipe  surface  to 

wliieh   trap   should   be   applied SOO 


1 

\H  in. 


1500 


Hi  in. 


4000 


3 
2 

20 
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Steam  Specialties 


THE  OHIO  BRASS  CO. 

MANSFIELD,   OHIO 
OHIO   STEAM   SPECIALTIES 


OHIO   PRESSURE  REGULATING  VALVE 

FOR  STEAM  OR  AIR 

Patented 

Rodupos  and  rogulates  accurately  and  con- 
1  inuoii.sly. 

Self-containcdj  no  tight  fits,  will  not  stick. 

Simple  and  rugged  in  constrncf  ion. 

Made  in  all  bronze  in  i  to  2  inches. 

Made  in  iron  body  with  bronze  worldng  parts 
in  2.7  to  4  inches. 


Ohio  Regulating  Valve 

OHIO   WATER   GAUGE 

Comes   packed    with    high   grade    packing,    ready 
to  use. 

(^uick   opening  —  opens   or   closes    with   a   quarter 
turn  of  levers. 

Made  oi  high  grade  steam  bronze  in  I  and  f  inch. 


OHIO  STANDARD  GAUGE  COCK 

A  .<impl(>  Iwist  of  the  wrist  stops  a  leak. 

lias  babbitt  disc  "1"  which  is  rotated  to  a  tight 
scat   by   screw  "2." 

Made  in   J  and  f  inch. 


Ohio  Water  Gauge 


Descriptive  Catalog  M.E.  mailed  on  requc;  t 
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Expansion  Joints 


E.  B.  BADGER  cV  SONS  CO 

G3-75  PITT  ST. 

BOSTON,  MASS. 

COPPER  EXPANSION  JOINTS 


BADGER'S  COPPER  EXPANSION  JOINTS 

Will  tako  rare  of  the  expansion  and  contraction  in  pipe  lines,  absorb  vibration 
in  engine^  and  turbine  exhausts,  etc. 

Our  regular  joints  are  built  in  sizes  from  1"  to  7'  0"  in  diameter;  larger 
joints  constructed  for  special  work. 

These  joints  may  be  employed  in  high  pressure,  vacuum  or  exhaust  lines; 
the  construction  suits  the  particular  case. 

The  principal  difficulty  with  expansion  joints  has  been  in  the  unequal  distril)u- 
tion  of  the  expansion  among  the  different  corrugations,  resulting  in  excessive 
strain  on,  and  probably  rupture  of,  one  of  the  corrugations. 

Our  patented  internal  and  external  eciualizing  ring  construction  iirevents  any 
one  corrugation  from  doing  more  than  its  share  of  the  work,  and  jirovides  at 
the  same  time  a  stiff er  and  stronger  joint. 

As  to  amount  of  expansion:  Our  12"  diameter,  3  corrugation,  12"  face  to  face 
joint  will  take  up  easily  1}  S  "expansion;  others  in  i)roi)ortion  to  diameter,  numlxn- 
and  size  of  corrugations,  etc. 

Unless  otherwise  .specified,  we  furnish  standard  A.S.M.E.  flanges. 

W  rile  for  full  particulars. 


Valves 


THE  DARLING  PUMP  &  MFG.  CO.  Ltd. 


WILIJAMSPORT    PA. 


Sales  Offices: 


New  York  C'it.\  ,   149  Broadway 
Chicago,  Tlie  Rookery 


Philadelphia,  Arcade  Building 
Boston,  141  Milk  Street 


DARLING  GATE  VALVES,  FIRE  HYDRANTS   INDICATOR  POSTS,  FLOOR  STANDS, 

VALVE    BOXES,    BALL   CHECK   VALVES,    MADE   FOR   ALL 

PRESSURES    AND    PURPOSES 


■Wedging  Mechanism — Shown  with 
Parts  Separated 


The  Gate  Discs  being  plain,  no 
portion  of  the  Wedging  Mechanism 
is  formed  upon  them.  These  Gate 
Discs  revolve  independently  of  the 
wedges,  and  independently  of  each 
other.  The  Revolving  Gate  Discs 
change  their  positions  on  the  Seats 
each  time  the  Valve  is  closed,  thus 
distributing  wear  equally  over  entire 
Faces  of  Gates  and  Seats,  ensuring 
Durability. 

Gates  Released  Before  Op(>ning, 
Avoiding  Wear  on  Seats. 

Cannot  Stick  or  Bind. 

Simp'e,  Reliable,  Durable. 


The  Darling  Patented  Gate  Valve  has 
Parallel  Seats,  Double  Revolving  Gate 
Discs  and  Compound  Equalizing  Wedges. 
The  Wedging  Mechanism  operates 
Between  the  Gate  Discs  and  Independent 
of  tliem. 


Sectional  View  of  Inside  Screw  Valve 
with  Flanged  Ends 
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Steam  Specialties 


PITTSBURCill  VALVE,  FOUNDRY  c^ 
CONSTRUCTION  CO. 

PITTSBURGH,  PA. 

ENGINEERS,    MANUFACTURERS    AND    ERECTORS 

Designers  and  Builders  of  Valves,  Fittings  and  Appli- 
ances of  Every  Description  for  Steam,  Gas,  Water,  Air 
and  Hydraulic  Piping. 

Designs  and  Estimates  for  special  valves  and  equip- 
ment furnished  upon  receipt  of  specifications. 


Atwood  Horizontal 
Separator 


Outside  Dashpot 
Non  Return  Valve 


3"  Double  Spindle 
Gate  Valve 


^M. 


120"  Butterfly  Valve 


Hand  Operated  Gate  Valves. 

Electrically  Operated  Gate  Valves. 

Cylinder  Operated  Gate  Valves. 

Quick  Opening  Gate  Valves. 

Globe,  Angle  and  Cross  Valves. 

Check  Valves. 

Butterfly  Valves. 

Critchlow  Operating  Valves. 

Tanner  Operating  Valves. 

Aiken  Operating  Valves. 

Relief  Valves. 

Back  Pressure  Valves. 

Non  Return  Valves. 

Throttle  Valves. 

Transfer  Valves. 

Register  Valves. 

Float  Valves. 

Foot  Valves  with  Strainers. 

Blow  Off  Valves. 

Plug  Valves. 

Hydraulic  Cocks. 

Tuyere  Cocks. 

Hydraulic  Spring  Cushions. 

Gas  Line  Materials. 

Pressure  Regulating  Stations. 

Cast  Iron  Pipe. 

Pipe  Fittings  and  Flanges. 

Pipe  Bends. 

Expansion  Joints. 

Exhaust  Heads. 

Steam  Separators. 

I.)ri})  Pockets. 

Strainers. 


GS 


Fa  Ives 


pittsburc;h  valve,  foundry  & 
construction  co. 

PITTSBURGH,  PA. 


SPECIFICATIOP  S 
FOR  MATERIAL 


PARALLEL  SEAT 
50 lb.  WORKING 
PRESSURE 
100  lb.  TEST 
PRESSURE 

PARALLEL  SEAT 
1251b.  WORK- 
ING PRESSURE 
^oo  lb.  TEST 
PRESSURE 


PARALLEL  SEAT 
200  lb.  WORK- 
ING PRESSURE 
400  lb.  TEST 
PRESSURE 

PARALLEL  SEAT 
400  lb.  WORK- 
ING PRESSURE 
800  lb.  TEST 
PRESSURE 


PARALLEL  SEAT 
500  lb.  WORK- 
ING PRESSURE 
1500  lb.  TEST 
PRESSURE 
PARALLEL  SEAT 
looolb.  WORK- 
IiSG  PRESSURE 
1500  lb.  TEST 
PRESSURE 
PARALLEL  STAT 
1500  lb.  WORK- 
ING PRESSURE 
2000  lb.  TEST 
PRESSURE 

TAPER  SEAT 
I75lb.  WOlfk- 
ING  PRESSURE 
500  lb.  TEST 
PRESSURE 

TAPER  SEAT 
250  lb.  WORK- 
ING PRESSURE 
800  lb.  TEST 
PRESSURE 

TAPER  SEAT 
1000  lb.  WORK- 
ING PRESSURE 
2000  lb.  TEST 
PRESSURE 

GATE  VALVES 
FOR  ANY 
PRESSURE 


GATE  VALVES 

Circy  Iron — 22,000  lb.  jier  sq.  in.  tensile 
strength. 

Semi  Steel — 33,000  lb.  \wr  sq.  in.  tensile 
strength. 

Sizes  14"  to  72"  cast  iron.  Low  pressure. 
For  water,  gas,  air  or  exhaust  steam. 
Extremely  close  face  to  face,  invaluable 
ia  complicated  piping  connections. 
Sizes  2"  to  48"  cast  iron.  Standard  pres- 
s.ire.  For  water,  air,  steam  or  gas.  Fully 
bronze  mounted.  Especially  adapted  to 
water  distribution. 

Sizes  H"  to  16"  cai  t  iron.  Largely  used 
for  natural  gas  under  the  lower  pressures. 
Furnished  either  all  iron  or  iron  bod}' 
bronze  mounted. 

Sizes  3"  to  20"  semi  steel.  In  extensive  use 
for  the  transmission  of  natural  gas.  Fur- 
nished either  with  or  without  bronze 
mountings. 

Sizes  2"  to  12".  For  water  or  oil  at  pres- 
sure noted.  Semi  steel  with  solid  bronze 
mountings. 

Sizes  2"  to  12"  semi  steel.     High  pressure 

gas  valve  used  chiefly  at  the  gas  wells  and 

on  feeders  in  the  gas  fields. 

Sizes  2"  to  10"  semi  steel.    For  hydraulic 

service    and    extreme    natural    gas    rock 

pressures. 

Sizes  2"  to  16"  semi  steel.  A  valve  for 
medium  steam  pressures  from  125  lb.  to 
175  lb.  where  a  less  expensive  valve  than 
the  250  lb.  type  is  desired. 

Sizes  I2"  to  28"  semi  steel  Made  of  semi 
steel  with  solid  bronze  mountings  for  or- 
dinary steam  pressures  or  of  cast  steel 
with  monel  mountings  for  superheat. 
Sizes  2"  to  10".  The  strongest  valve  pos- 
sible to  make  in  its  weight,  all  surfaces 
being  cylindrical  or  spherical  segments. 
Designs  and  quotations  furnished  for 
valves  for  special  conditions  or  highc  r 
pressures.  Materials  used  arc  tho;-c  best 
adapted  to  service. 

(.See  also  next  page) 


50  lb.  Parallel  Seat  Gate 
Valve.  Close  Pattern 


4"  1000  lb   Gas  Line 
Gate  Valve 


r."  1000  lb.  Hydraulic 
Gate  Valve 
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(Continued  from  ])r('ccding  pages) 

PITTSBURGH  VALVE,  FOUNDRY  cV 
CONSTRUCTION  CO. 

PITTSBUlUiH,  PA. 


Motor  Operated 
Gate  Valve 


Group  of  Two  Critchlovv 

Nests 


f^ 


Tanner  Valve  with  Actuating 
Cylinder 


■4U\ 


30"  Gate  Valve  Operated  by 
Air  '  ylinder 

Any  of  ihe  f(jregoing  gate  valves  may  be 
equipped  with  operating  cylinders  for  any  service 
or  ])ressure,  or  motors  for  either  direct  or  alter- 
nating current. 

The  following  types  of  operating  valves  are  ex- 
tensively used  for  the  control  of  motion  of  hydraulic 
cylinders,  either  single  or  double  acting. 

The  CRITCHLOW  VALVE  is  the  simplcbt  form 
of  hydrntilic  three  or  four  way  piston  valve  and  has 
no  suijerior  for  working  pressures  up  to  500  pounds. 
It  is  durable  and  easy  to  repack.  The  CRITCH- 
LOW XEiST  furni.shes  a  means  of  grouping  thete 
valves  which  yields  a  great  saving  in  i)ipe,  fittings, 
manifolds  and  space,  where  a  number  of  cylinders 
are  to  be  operated  from  one  pulpit. 

The  TANNER  VALVE  is  more  satisfactory  than 
the  Critchlow  on  high  jjressures.  It  is  of  the  cuj)- 
packed  piston  type,  so  designed  that  the  fluid  fcrccs 
the  packing  away  from  the  ports  instead  of  into 
them,  prolonging  the  life  of  the  packing  and  making 
operation  easy.  The  arrangement  of  supply  and 
waste  jooi't*^  facilitates  attaching  to  manifolds. 
Larger  sizes  can  be  furnished  with  actuating  cylin- 
der permitting  remote  control  by  means  cf  a  i)ilot 
valve. 

The  AIKEN  VALVE  has  given  complete  satis- 
faction to  a  large  number  of  users  for  many  years. 
The  designs  and  i)atterns  for  this  valve  have  been 
])urchased  from  the  inventor,  Henry  Aiken,  M.E., 
and  valves  can  be  made  to  meet  any  require- 
ments. 


Special  facilities  for  casting  and  machining 
large  pipe  and  fittings  as  well  as  all  classes 
of  work  such  as  furnace  castings,  general 
castings,  etc. 


60"  X  42"  X  42"  X  42"  Special 
Cross  with  30"  Side  Outlet 
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Piping 


PITTSHURGH  VALVE,  FOUNDRY  cV 
CONSTRUCTION  CO. 

PITTSBURGH,  PA. 


PIPING  SYSTEMS 

For  all  Pressures  and  Purposes, 

Designed,  Manufactured 

and  Installed 

Pipe  Bending  Pipe  Cutting 

Pipe  Fitting 

Estimates  furnished  on  receipt 
of  specifications 


20"  Expansion  Bend — Radius  16  Ft. 

This  bend  contains  38  ft.  of  pipe  and  was  made 

of  two  lengths  joined  in  the  arc  by 

the  Atwood  Line  Weld 


The  Atwood  Line  Weld 
Patented 


THE  ATWOOD  LINE  WELD 

Thi.s  method  of  joining  the  abutting  ends  of 
wrought  pipe  allows  the  fabrication  of  pipes 
into  lengths  as  long  as  can  be  handled  for  ship- 
ment with  consequent  redu-ction  by  about  50 
per  cent  of  the  number  of  flanged  joints  in  the 
line. 


Thejnterlock  Welded  Heck 
Patented 


INTERLOCK  WELDED  NECKS 

This  method  of  connecting  branch  lines  of 
wrought  pipe  to  mains  of  the  same  material  was 
(levcloi)((I  in  response  to  the  demand  of  steam 
users  for  a  structure  containing  the  minimum 
number  of  joints.  Every  branch  so  connected 
eliminates  a  cast  fitting  with  its  attendant  joints, 
gaskets  and  bolts  and  liability  to  trouble  there- 
from. 

FLANGED  JOINTS 

Atwood,  Screwed,  Shrunk,  ICxpandcd  and 
Welded. 


The  Atwood  Joint 
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THE  PRATT  AND  CADY  COMPANY 

HARTFORD,  CONN. 
VALVES   FOR  ALL   PURPOSES 


GATE  VALVES 

\\\\\\  renewable  seat  rings,  held  in  place  by  a 
relaining  ring  that  is  easily  removed. 

Screw  Hub,  Stationary  Spindle,  Retaining  King 
Construction. 

The  seat  rings  are  independent  rings  of  l)ronze, 
or  any  special  metal  or  material  best  adapted  for  the 
service  in  which  the  valve  is  to  be  used.  The  gate  is 
a  double  faced,  wedge  shaped  casting,  with  side 
grooves  by  means  of  which  it  slides  on  guides  in 
the  valve  body. 

Great  j)ains  are  taken  in  the  machining  of  all 
liarts  of  these  gate  valves.  Oauges  are  u^('d  on 
each  ]iart  to  insure  their  accuracy  and  interchange- 
abiHty. 

The  guides  in  our  liodics  are  of  eciual  thickness, 
aufl  the  wedge  can  be  taken  out  of  the  vnlve  and 
[■(-placed  with  the  opposite  faces  in  contact,  and 
will  give  an  accurate  fit.  The  importance  of  this  in 
making  repairs  is  obvious.  These  valves  lieing 
double  seated,  can  be  used  with  the  pressure  applied 
at  either  end. 


REGRINDING  SWING  CHECK  VALVES 
Brass  and  Iron 

All  styles  for  all  pressures,  sizes  up  to  48  inch(>s. 

The  Design  combines  pressure  resistance  with 
(\asy  flow  lines.  Material  (of  brass  valves)  is 
SG'/p  ])ure  copper.  We  use  no  scrap  in  their 
l)r(i(hicti(jn.  Workmanship — Each  valve  is  in- 
dividually tested  to  the  pressure  stated  in  catnlog. 
.VU  seats  are  carefully  ground.  Assembling  is  done 
by  our  most  careful  hands.  The  Interior  Voiistruc- 
lion.  permits  the  replacement  of  any  working  j  art 
without  removing  valve  from  line.  For  Regriiiditu/ 
no  tool  is  necessary  but  a  wrench  and  brace  and  bit. 


ASBESTOS-PACKED  COCKS 

The  dovetailed  U-shaped  grooves  in  the  body  are 
l)a('ked  with  prepared  asbestos.  An  asbestos  ring 
is  used  on  the  shoulder  of  the  plug  for  top  packing. 

The  plug  is  of  standard  tajx-r  carefully  fini.-l.ed 
and  bartfed  to  render  it  rustless.  It  has  no 
metallic  bearing,  coming  in  contact  only  with 
asbestos,  the  elasticity  of  which  compensates  for 
the  differential  expansion  and  contraction  cf  the 
l)lug  and  body.  The  gland  admits  of  adjustment 
jjy  means  of  its  bolts. 

These  cocks  give  exceedingly  satisfactory  results 
as  a  boil(>r  blow-off  and  a  water  column  blow-off, 
between  check  and  boiler,  between  water  column 
and  boiler,  and  they  do  work  where  ground  plug 
cocks  are  unsatisfactory  and  where  Globe,  Angle  or 
Gate  Valves  fail. 
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Valves 


THE  PRATT  AND  CADY  COMPANY 

HARTFORD,  CONN. 

VALVES   FOR  ALL   PURPOSES 


ASBESTOS  DISC  VALVES 

The  Stuffing  Box  Gland  is  long,  heavy  and  wvW 
fitted. 

The  Spindle  Collar,  and  its  i)oint  of  contact,  with  the 
bonnet,  have  specially  smooth  surfaces  and  make  a 
steam-tight  joint  when  valve  is  fully  open. 

The  Disc  Holder  is  guided  by  four  splines  in  the 
liody,  assuring  perfect  alignment  at  all  times.  The 
Disc  Holder  is  of  the  horseshoe  type,  and  can  be  re- 
moved and  replaced,  the  only  tool  necessary  therefor 
l)eing  a  wrench  to  unscrew  the  bonnet. 

The  Seat  is  spherical,  thus  preventing  the  settling 
thereon  of  any  substance  that  might  hold  the  disc 
from  going  squarely  to  its  place.  The  metal  r.sed  in  the 
construction  of  these  valves  is  approximately  S(5'/o 
pure  copper.  We  use  no  scrap  whatever  in  the  con- 
struction. 

The  Valve  complete  is  finished  with  the  utmost  care. 
When  so  ordered,  these  valves  can  be  made  with  solid 
brass  disc,  or  with  brass  disc  holder  filleel  with  special 
metal,  at  additional  price. 

CAST  STEEL  GATE  VALVES  FOR  SUPER- 
HEATED STEAM 

All  Valves  214"  and  larger  are  equipped  with  Cast 
Steel  Bodies,  Bonnets  and  Wedges. 

The  Seats  and  Faces  of  the  Wedges  are  made  of 
Pure  Nickel,  securely  fastened  in  place  so  that  they 
will  be  unable  to  work  loose. 

Stems  are  Nickel  Steel. 

All  Bolt  Holes  are  Spot  Faced. 

Bonnet  Joint  is  packed  with  "Palmetto"  Super- 
heat Packing. 

The  End  Flanges  have  re"  Raised  Faces,  extending 
full  width  inside  of  Bolt  Holes,  with  smooth  finish. 

All  Bolts  have  Hexagon  Heads  and  Nuts,  with  the 
under  side  of  same  semi-finished. 

The  Discs  are  of  the  Wedge  Pattern. 

Stuffing  Box  is  made  with  Hinge  Bolts,  very  deej) 
for  .scjuare  "Palmetto"  Packing. 

Yoke  is  bolted  to  the  Bonnet. 

All  tested  to  a  hydrostatic  pressure  of  800  lbs.. 

COMPRESSION  TYPE  HYDRANTS 

Without   Intricacy    of  Construction. 

Complete  catalog  of  all  Pratt  and  Cady  products 
on  request. 
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WALWORTH  MANUFACTURING  CO. 

Established   1S42 

132  FEDERAL  ST.,  BOSTON,  MASS. 

Works,  South  Boston.  New  York  Office.  Park  Row  Building. 

Manufarturers  of 

HEAVY  PRESSURE  POWER  PLANT  PIPING  MATERIALS 


The    WALWORTH   up-to-date  Catalog  to  be  issued  in   1912  will  give  full  details,  with 

illustrations,  dimension  Tables,  etc.,  and  will  be  furnished  on  request  to  interested  parties. 

Write  Department  E. 


The  following  will  give  you  a  general  idea  cf  our  complete  line — furnished 
both  STANDARD  and  EXTRA  HEAVY:— 

WALMANCO  FLANGED-0-VER  THREADLESS  PIPE  JOINTS,  swivel  ends 

for  2.50  pounds  working  pressure. 
WALWORTH   LONCi  S\\  EEP  FLANGED  AND  SCREWED   FITTINGS. 
WALWORTH  WROUGHT  IRON  OR  STEEL  PIPE  BENDS,  with  threaded 

or  Wahnaneo  Joints. 
WALWORTH  ELBO'WS,  TEES,  CROSSES,  FLANGES,  etc.  (Brass  and  Iron), 

for  all  pressures. 
"WALCO"  MALLEABLE  IRON  BRASS  SEAT  UNIONS,  ground  joint. 
FLANGES,  Standard  and  Extra  Heavy. 
WROUGHT  IRON   PIPE  WITH  WELDED  FLANGES. 
STEEL  PIPE  DRLIAIS,  with  welded  pipe  nozzles  riveted  on,  using  Wahnaneo 

or  welded  flanges. 
CAST  IRON  FLANGED  PIPES. 

CAST   IRON    BRACKETS,    ROLLER   CHAIRS   AND    FLOOR    STANDS. 
QUICK  CLOSING  SAFETY  DEVICE  FOR  WATER  GAUGE  COLUMNS. 
INJECTORS  AND  POP  SAFETY  ^'ALVES. 
ENGINE  AND  BOILER  TRIMMINGS,  WATER  GAUGES,  etc. 

WALWORTH  HIGH-GRADE  GATE  VALVES, 

Vv'ith  Renewable  Bronze  Seats.    Outside  Screw  and  Yoke  or  Stationary  Spindle. 
Spindles  either  Bronze  or  Steel.     Can  be  repacked  under  pressure.     Sizes  up  to 
42  inches  diameter. 
STANDARD  IRON   BODY  BRASS   MOUNTED  GATE  VALVES  for   12,5 

pounds  working  pressure. 
MEDIUM  IRON  BODY  BRASS  MOUNTED  GATE  VALVES  for  175  pounds 

working  pressure. 
EXTRA  HEAVY  IRON  BODY  BRASS  MOUNTED  GATE  VALVES  for 

2.50  pounds  working  pressure. 
HYDRAULIC  BRASS  MOUNTED  GATE  VALVES,  for   800  pounds  work- 
ing pressure. 
BRASS  GATE  VALVES,  standard  and  Extra  Heavy. 
"WALCO"  BRASS  GATE  VALVES,  for  125  pounds  working  pressure, 
STANDARD  AND  EXTRA  HEAVY  IRON  BODY  GLOBE  AND  ANGLE 

VALVES, 
Never-Stick  Boiler  Blow-off  Cocks, 
AUTOMATIC  STOP  \'ALVES,  extra  heavy. 

For  Heavy  Pressure  Piping  we  furnish: 
WALWORTH  SEMI-STEEL  CASTINGS 
For  Drums,  \'alves  and  Fittings 
(Average  Tensile  Strength,  33, .500  Pounds) 
We  also  manufacture  a  complete  line  of  Pipe  Fitters'  Tools,  Stocks  and  Dies, 
Pipe  Cutters,  Vises,  etc.,  including  the — 

GENUINE    STILLSON    WRENCH 

which  !)ears  the  Diamond  Trade  ^Slark. 


Oiling  Systems 


S.  F.  BOWSER  cV  COMPANY,  Ino 

Established  1885 

FORT  AVAYNE,  IND. 

New  York        Boston        Philadelphia        Chicago        St.  Louis 
San  Francisco        Minneapolis       Dallas        Atlanta       Toronto 

OIL  SYSTEM  ENGINEERS  AND  MANUFACTURERS 


Oil  System  Engineers  and  Manufacturers  of: 

Oil  Distributing  Systems. 

Self-Measuring  Hand  and  Power  Driven 
Pumps. 

Underground  Storage  Systems. 

Large  Tankage. 

Oil  Storage  Systems. 

Automobile  Filling  Stations. 

Dry  Cleaning  Systems. 

Self-Registering  Pipe  Line  Measures. 

Oil  and  Gasolene  Storage  Outfits  for  Public 
and  Private  garages. 

Oil  Filtration  and  Lubricating  Systems. 

The  Bowser  line  covers  every  requirement 
of  the  factory  and  railroad  for  cil  storage 
equipment . 

Our  corps  of  mechanical  and  draff  inj:; 
engineers  is  at  the  command  of  those  interested 
in  this  line. 

Bulletins  giving  complete  detailed  de- 
scription of  any  line  will  be  furnished  upon 
application  and  without  obligation,  '^^'e  have 
a  fund  of  information  on  oil  storage  and  allied 
lines  that  will  assist  in  making  up  specifica- 
tion for  this  work.    Let  us  submit  it. 

Our  catalogue  No.  12B  illustrates  and 
describes  the  line  in  a  limited  way  and 
shows  a  large  number  of  installations  in 
widely  diversified  fields.     Write  for  it. 
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Registering  Measure 


Filtration  System 


Oil  House 


Oiling  Systems 


PITTSBURGH  GAGE  &  SUPPLY  CO. 

PITTSBURGH,  PA. 

NewYorkCitt:  136  Liberty  St.     Boston,  Mass.:  54  High  St.     Chicago,  III.:  171  N.  Market  St. 
LUBRICATING   APPLIANCES 


WHITE  STAR  OIL  FILTERS  AND  OILING  SYSTEMS 

White  Star  Oil  Filters  are  made  in  the  following  tyjies: 

Round:  For  small  j^lants  where  a  continuous  oiling  system  i.s  not  contcmplatcil, 
and  delivery  of  oil  is  made  to  Filter  by  hand. 

Duplex:  For  use  in  connection  with  automatic  continuous  oiling  systems. 

Multiplex:  J^or  oiling  systems  in  very  large  plants.     They  are  made  for  hand- 
ling as  much  as  6000  gallons  of  oil  per  day. 

ROUND  TYPE 


Filtering 

Holding  Capacity, 

Num- 

Capacity 

Gallons 

Gallons 

List 
Price  for 

Ship- 

ber 

pint; 

of 

per 

Pure 

Dirty 

Water 

Hand 

Wei-ht 

Filter 

24  Hours 

Oil 

Oil 

Operation 

lbs. 

2 

20 

7'2 

5}4 

5 

$35 . 00 

115 

4 

35 

9' 2 

73-2 

O'a 

50.00 

127 

5 

50 

12 

10 

y 

60.00 

142 

7 

05 

15 

13 

12 

75.00 

165 

10 

SO 

19 

17 

10 

85 .  00 

lilO 

12 

100 

25 

18 

20 

100.00 

225 

DUPLEX  AND  MULTIPLEX  TYPES 


i  ^    ■ 

Holding 

o 

f'-,^ 

Capac 

tv 

bcXi 

o  3 

Gallons 

&^ 

Sr^ 

> 

m 

-.3.^ 

^ 

f^S 

gs 

c3 

1-1 

"Ei 

8 

100 

13 

10 

8 

.$95 .  00 

190 

17 

150 

38 

11 

8 

125.00 

2So 

?0 

200 

64 

17 

14,' 2 

1.50.00 

400 

?3 

350 

50 

30 

25 

3  lO.OO 

621 1 

?5 

500 

103 

40 

45 

400.0(1 

850 

?7 

700 

100 

40 

25 

500.00 

1000 

50 

1000 

115 

105 

67 

61)0  {)() 

1500 

100 

2000 

235 

125 

90 

SIIO.OO 

2000 

1  50 

3000 

353 

1S2 

119 

looooo 

2500 

2 '10 

4000 

476 

257 

177 

1200   00 

3000 

?50 

5(){)0 

5SI,) 

320 

236 

1500    (M) 

:!(■,(  D 

300 

6000 

710 

365 

236 

1800 . 00 

1 200 

A  Typical  Duplex  Installation. 

On  request  we  will  furnish  bulletins  showing  our  complete  line  of  si)e('ial 
Jtotary,  Double  Acting,  Simple  and  Dui)lex  Pvunps,  Reservoirs,  Separating  and 
Drain  Tanks,  Sight  F(>eds,  Compr<>ssion  Fittings,  Piping  Materials  and  acces- 
sories, special  oiling  devices  and  Force  Feed  Cylinder  Lubricators. 

In  addition  to  manufacturing  lubricating  apphances,  we  make: 

Gaco  Safety  Water  Gages;  a  self-closing  gage,  the  valves  of  which  close  in- 
stantly in  case  gage  glass  breaks. 

Gaco  Take-Down  Gage  Cocks — can  be  taken  down  under  full  head  of  boiler 
pressure. 

Pittsburgh  Safety  Water  Columns  —  Equipped  with  combined  high  and  low 
water  alarm  attachment. 

Pittsburgh  Steam  and  Oil  Sc^parators — P'or  removal  of  water  anil  oil  from  live 
steam. 

Piltsburgh  Recording  Gages — For  recording  ])ressure  of  steam,  oil,  gas,  air; 
also  vaciaim. 

Pittsburgh  Vacuum  Exhaust  Heads — For  removal  of  water,  oil,  etc.,  from 
exhaust  steam. 

Gaco  Dust  Collecting  Systems. 

Pijie  Bends  and  High  Pressure  Piping  Work  a  specialty. 
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I jihricntors,  Sleani   Kngmes 


THE   STERLING  MACHINE  COMPANY 

X( )inVI( 'H,  CONNF.CTICUT 

ACME  ENGINES,  STATIONARY  A^"  D  MARINE;   DIRECT  CONNECTED  GENERATOR 
UNITS;    STERLING  LUBRICATORS  FCR  AUTOMATIC  FORCE-FEED  LUBRICATION 


Model  A  V  Model  B 

STERLING  FORCE  FEED  LUBRICATORS 

are  high  grade  oil  pumps  for  providing   positive   lubrication   with    tlie  minimum  amount  of  oil. 
They  are  entirely  automatic  in  action  and  save  time  as  well  as  oil. 

Model  A  is  designed  for  uise  on  steam  engines  and  pumps  and  is  made  in  the  following  sizes: 


Number  of  Feeds 

One                       1 

Two 

Three 

Tank  Capacity.  .  . 

1 

Pt. 

1 
Qt. 

3 

Pt. 

'A 
Gal. 

1 
Gal. 

1'2 

Gal. 

1 

Ot. 

3 
Pt. 

}2            1       1    1'2 

Gal.    Gal.  1  Gal. 

3        >A 
Pt.    Gal. 

1 
Gal. 

I'o 

Gal. 

Model  B  is  intended  for  use  on  large  units  and  is  especially  adapted  for  lubricating  the  valves 
and  cylinders  of  large  gas  engines,  air  compressors  and  similar  units. 
This  model  can  be  built  in  any  capacity  with  any  number  of  feeds.     Standard  sizes  as  foUowa: 


Number  of  Feeds 

1 

2 

3 

4        5 

G 

7 

8        9 

10      11 

12 

13   1    14  1    15 

10 

Tank  Capacity... 

4 
Pt. 

5 

Pt. 

6 
Pt. 

1          134 

Gal.  Gal. 

Gal. 

Gal. 

l?i     '2 
Gal.  Gal. 

2      2I4 
Gal.  Gal. 

2H 
Gal. 

'2H 
Gal. 

•2U\    3 
Gal.  Gal. 

3 
Gal. 

ACME   STATIONARY   STEAM   ENGINE 

This  Engine  is  an  upright,  double-cylinder  single- 
acting  engine,  with  cranks  1S0°  to  each  other;  pis- 
tons being  1 1^2  times  the  stroke  in  length,  form  their  own 
guides.  Cranks  are  of  drop  forged  steel,  large  size 
in  diameter  and  length.  Main  bearings  are  23^2  times 
diameter  of  shaft,  bushed  with  bronze,  and  can  be 
rcnf'wed  when  worn,  at  small  cost.  Valve  is  of  the 
bahinccd  rocking  type,  of  extra  long  and  large  wearing 
surfaces,  and  is  placed  on  top  of  cylinders,  the  valve- 
case  forming  the  cylinder  heads.  Lubrication  is  accom- 
plished by  carrying  in  the  crank  case  a  mixture  of  oil 
and  water,  into  which  the  cranks  dip  at  every  revolu- 
tion, and  are  not  only  flooded  themselves,  but  th'row 
the  oil  to  every  part  inside  the  case. 

These  Engines  are  especially  adapted  for  Mechan- 
ical Stokers,  Small  Independent  Electric  Light  Equip- 
ments, C'entrifugal  Piunps,  and  for  u.se  with  Exhaust  or 
Ventilating  Fans,  Blowers,  etc.     Catalogues  on  request. 
Acme  Stationary  Engine 

ACME   ENGINE   SIZES   FROM   ONE    HALF    TO   THIRTY-FIVE   H.P 


Engine  .Mndci 

...       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

....      21 

3 

3-1 

3A 
31 

3,^ 
5 

4 
5 

4  A 
5 

5 
5 

5 

7 

6 

7 

7 

Stroke   (inche,s) 

....     3* 

7 

Any  of  the  above  sizes  may  be  operated  at  a  speed  up  to  600  R.P.M. 


Bearing  Metals 


A.    ALLAN  k  SON 

494  GREENWKU4  STREET 
NEW  YORK 

SOLE  MANUFACTURERS  OF  ALLAN  BRONZE,  ALLAN  RED  METAL,  ALLAN  METAL 
VALVE  DISCS,  ALLAN  BEARING  BRONZES 


BEARING  BRONZE 

The  Essentail  Qualities  of  a  High 
Grade  Bearing  Bronze  are: 

That  it  will  sustain  the  load  with- 
out rupture. 

That  it  will  make  the  friction  hc- 
twecn  the  bearing  and  shaft  ar.  low 
as  possible. 

That  it  will  give  the  longest  pos- 
sible service,  with  Ihe  smallest  pos- 
sible loss  of  metal  by  wear. 

That  it  will  require  only  a  mini- 
mum amount  of  lubrication. 

That  it  will  not  have  a  tendency 
to  heat  rapidly,  causing  t!:e  bearinn 
to  hug  and  tear  the  shaft. 

A  bearing  alloy  with  these  qualities  is  the  highest  standard  of  efficiency 
anil   a  guarantee  of  low  maintenance  co.'^t. 

It  is  universally  conceded  that  lead-copper-tin  alloys  possess  the  essential 
(lualities  of  a  high  grade  bearing  bronze,  but  owing  to  the  difference  in 
specific  gravity  and  fusing  jioints  of  these  metals,  it  \;  impossible  to  jjroduce  by 
ordinary  foundry  j)ractice,  lead-coiij)er-tin  alloys  high  in  lead,  without  lead 
sweat  or  segration. 

Our  alloys  are  not  made  by  rule-of-thunib  methods,  Init  by  the  Allan  jirocess, 
the  ])rocess  whereby  lead-copper-tin  c:;n  be  mixed  into  a  homogeneous  bronz(\ 
They  are  mad(>  from  the  best  brands  of  Virgin  metals. 

It  is  impossible  to  produce  a  bronze  of  standard  proportions  which  will  be 
universally  satisfactory  for  all  work  and  conditions.  To  meet  these  conditions 
Allan  Bronzes  are  made  in  several  grades,  according  to  service  for  which  they 
are  specified. 

We  recommend  Allan  No.  4  Bronze  for  crank-pin  brasses,  piston  pin  bearings 
on  gas  engines,  driving  boxes  and  rod  brasses  on  heavy  and  high-speed  loco- 
motives. Allan  No.  2  Bronze  for  thrust  bearings  on  vertical  rolls,  pinion  bear- 
ings on  plate  mills,  where  high  temperature  and  excessive  pressures  are  to 
be  met. 

^\  rite  our  Engineering  Department  your  service  conditions.  We  give  the 
n)(i:  t  lilxTnl  guarantee  of  quality  and  efficiency. 
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Bcarinij  Metals 


A.    ALLAN  &  SON 

494  (;REL]X\\IC1I  streei^ 
NEW  YORK 

SOLE  MANUFACTURERS  OF  ALLAN  BRONZE,  ALLAN  RED  METAL,  ALLAN  METAL 
VALVE  DISCS,  ALLAN  BEARING  BRONZES 


ALLAN  RED  METAL 

For  Bearings,  Pistons  and  Packings 

The  intnxluction  in  locomotive, 
inariiu"  and  stationary  engine  con- 
struction of  the  use  of  superheaters, 
and  the  rerailts  of  greater  efficiency 
tliereby  derived,  is  a  noteworthy 
advancement  in  modern  engineer- 
ing practice.  But  with  this  for- 
ward movement  arisen  troublesome 
details  which  have  to  be  met  and 
overcome. 

One,  of  no  little  moment,  is  the 
need  of  a  babbitt  or  antifriction 
m;>tal  to  cope  with  the  excessive 
heat  of  highly  superheated  steam. 
Allan  Red  Metal  will  give  satis- 
factory service  with  steam  at  175 

pounds  pressure  and  200°  superheat.  It  was  never  intended  to  displace 
white  babbitt  metal — but  to  overcome  its  shortcomings — to  do  the  work  white 
babbitt  metal  will  fail  to  do. 

Allan  Metal  faced  pistons  are  recognized  by  mechanical  engineers  as  the  most 
advanced  design  in  piston  construction. 

As  shaft  packing  on  steam  turbines  it  has  proven  its  efficiency  over  carbon. 

It  u  a  bearing  alloy  that  cannot  be  melted  out  of  a  bearing,  even  under  the 
most  severe  service  condition,  nor  will  it  hug,  stick  to,  scar  or  cut  the  pin  or 
shaft. 

Allan  Metal  Globe  Valve  Discs  supersedes  the  vulcanized  disc,  due  to  their 
lasting  qualities. 

Allan  Red  Metal  is  as  great  an  advancement  in  the  metallurgy  of  antifriction 
metal  as  superheated  is  to  saturated  steam.  They  are  both  forward  movements 
to  greater  efficiency  in  modern  engineering  practice. 

Our  Booklet,  "The  Heart  of  the  Engine— The  Seat  of  Power,"  is  a  treatise  on 
])iston  design  ai^.il  v.ili  be  mailed  free  upon  request. 


Rearing  Metals 


xMAGNOLIA   METAL  CO. 


NEW  YORK 

113-115  Bank  Street 


COEFFICIENT 
OF  FRICTION 


WEARING 
QUALITIES 


HEAVY 
PRESSURES 


HIGH 
SPEED 


LUBRICATING 
QUALITIES 


GRIT 


DETAILS 


('HICAGO 

Fisher  BuiLling 

MAGNOLIA  METAL 


MONTREAL 

225»t.Aiiibroise  8t. 


■linifiiiiiiiiiiii  liii-ii'iiir  fitiiiaaMiiiiiiiaiiaifa 


FAC-.SI.MILE  BAH  OK  MAGNOLIA   METAL 


Tosts  by  great  governments  and  eminent  mechanical  experts 
all  show  that  Magnoha  has  the  smallest  coefficient  of  friction 
of  any  known  bearing  metal.  The  United  States  Govern- 
ment test — when  water  was  used  as  the  lubricant — 300  lbs. 
pressure  per  square  inch,  491  R.  P.  M.,  showed  a  frictional  co- 
efficient as  low  as  O.OOOS.  The  test  by  the  French  Government 
— 710  lbs.  pressure  per  square  inch,  6.56  ft.  per  second — 
lubricant  "black  oil,"  showed  coefficient  0.0012. 

Magnolia  ran  over  twenty-three  years  on  log  mandrel  bear- 
ings and  was  in  good  condition  when  plant  was  permanently 
shut  down.  It  is  the  rule  rather  than  the  exception  for  Magnolia 
lined  bearings  to  run  for  five  and  ten  years  and  longer. 

Thousands  have  testified  that  Magnolia  is  the  only  metal 
that  will  stand  the  heavy  pressure  on  their  bearings:  proving 
superior  to  and  out-wearing  bronze  and  brass  in  Rolling-mill 
work,  etc.  Professor  John  Goodman,  the  well  known  I*]ngli.sh 
authority,  says  of  Magnolia — "The  higher  the  pressure  that  is 
applied  to  a  Magnolia  bearing,  the  better  does  the  wearing 
siu'face  become."    He  tested  it  up  to  two  tons  per  square  inch. 

Magnolia  is  used  largely  in  thousands  of  wood-working  and 
other  plants  where  both  the  speed  and  duty  are  very  severe 
and  is  extolled  for  its  lasting  and  other  qualities.  It  commonly 
runs  in  such  places  from  four  to  fifteen  years. 

Magnolia  is  largely  a  self  lubricating  metal.  In  the  water  test 
by  the  U.  S.  Government  Magnolia  was  run  for  5  hours  up  to 
600  lbs.  inch 2 pressure — the  limit  of  machine — 490  R.  P.  M., 
and  proved  to  be  200%  superior  antifrictionally  to  a  conven- 
tional Babbitt  of  the  same  formula  as  Magnolia  but  not  sub- 
jected to  the  same  special  foundry  treatment  and  1100';/o 
superior  to  white  brass.  Magnolia  has  run  six  years  on  shaft- 
ing bearing  without  a  drop  of  lubrication  and  Engineers  very 
often  speak  of  large  saving  in  oil  on  Magnolia  bearings. 

We  have  great  numbers  of  letters  laying  particular  stress 
upon  the  wonderful  wearing  qualities  of  Magnolia  bearings 
that  are  subjected  to  grit  and  dust  in  Cement  Mixers,  etc.  etc. 

We  will  gladly  send  our  advertising  literature  giving  full 
p;u'ticulars  to  any  one  interested. 


SO 


I  nstruuicnts 


TAYLOR  INSTRUMENT  COMPANIES 

ROCHESTER,  N.  Y. 


NEW  YORK 

jank  of  Metropolis  Bldg. 

31  Union  Square 


"Wlicrc   Tycos"  Thcrmonictcr.s  Cdiiil'  I'^ruii 

BOSTON 
44  High  Street 


CHICAGO 
Heyworth  Building 
29  E.  Madison  St. 


MANUFACTURERS  OF  A  COMPLETE  LINE  OF  INSTRUMENTS  FOR  THE  INDICATING, 
RECORDING  AND  REGULATING  OF  TEMPERATURE  AND  PRESSURE. 


"Tycos"  Thermometers  for  every  purpose  and  npplica- 
tioii,  including  the  famous  }^^  "Tycos"  Type;  "Tycos-" 
Recording  Thermometers  in  both  Self-Contained  and 
Capillary  form;  "Tycos"  Index  Thermometers,  etc., 
Indicating  and  Recording  any  range  of  T(>niperature 
from  minus  328°F  to  lOOO'T. 


II  &  M  "Tycos"  Automatic  Temperature  and  Pressure 
Regulators  for  proces.ses  requiring  uniformity  of  Tem- 
perature or  pressure  conditions. 


jm^'-r 


"Tycos"  Time  Valves,  in  conjunction  with  }(j](([  "Tycos" 
Regulators,  make  it  possible  to  contimie  a  process  at 
a  given  temperature  for  a  desired  period  of  time,  at 
the  expiration  of  which  (he  steam  line  is  closed  off  and 
tlie  exhaust  opened,  terminating  the  process. 

"Tycos"  Rotary  Switchboards  are  made  for  the  control 
of  any  number  of  High  Temperature  Stations,  up  to 
and  including  twenty. 

"Tycos"  Pyrometers — 

Base-Metal  from    200°F  to  1S00"F. 

Rare-Metal  from  1000"F  to  2500"F. 
Foster   "Tycos"    Fixed   Focus    Pyrometer   is   the   most 
dependable  portable  instrument. 

FERY  RADIATION  PYROMETER  has  no  top 
limit.  It  is  extremely  sensitive  and  in  action  is 
almost   instantaneous. 
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Metallic  Packings 


CO. 


C.   LEE  COOK  MANUFACTURING 

LOUISVILLE,  KY.,  U.  S.  A. 

COOK'S  METALLIC  PACKING  FOR  STEAM,  GAS  AND  AIR,  ON  POWER  ENGINES  OF 
EVERY  DESCRIPTION;  ESPECIALLY  ADAPTED  TO  EXTRA  HEAVY  DUTY  SERVICE  ON 
REVERSING  BLOOM  MILL  ENGINES,  BLOWING  ENGINES,  ROLLING  MILL  ENGINES, 
GAS  ENGINES,  MARINE  ENGINES,  LOCOMOTIVES,  AND  ENGINES  OPERATING 
UNDER  VERY  HIGH  STEAM  PRESSURE  AND  SUPERHEAT. 


SINGLE  TYPE  PISTON  ROD  PACKING 

Is  familiar  to  (  very  leading  engine  builder 
in  the  United  States.  We  have  had  satis- 
ftictory  and  agreeable  business  relations 
with  them  all. 

It  is  .sinij)le,  and  economical  as  compared 
with  other  types  of  Metallic  Packing,  and 
has  special  merit  not  afforded  l)y  others. 
An  examination  of  its  construction  will  be 
l)roof  sufficient  that  it  is  steam  tight,  will  not 
cut,  or  score  the  rod,  and  operates  with 
minimum  friction. 

DOUBLE  TYPE  PISTON  ROD  PACKING 

A  trying  difficulty  before  the  successful 
operation  of  Metallic  Packing,  is  the  elimi- 
nation of  condensation.  We  accomi)lish  this 
by  placing  two  sets  of  Metallic  Packing  to- 
gether, as  seen  in  the  cut.  The  upper,  or 
main  set,  holds  the  pressure  while  the  lower 
set  arrests  the  water  and  conveys  it  to  the 
threaded  opening  "T"  of  the  lower  Gland 
*'0."  A  valve  and  a  drain  pipe  is  attached 
to  this,  and  after  the  engine  is  hot,  and  con- 
densation reduced  to  a  minimimi,  the  valve 
may  be  closed,  thus  putting  into  action  two 
sets  of  packing,  ojierating  as  one.  Eesult: 
1X)UBLE  DURABILITY. 

CORLISS  VALVE  STEM  PACKING 

The  cut  delineates  how  simple  is  this 
packing's  de.'-ign.  It  is  so  near  frictionless 
t  liat  there  is  no  ap]ireciable  difference 
<)fT(M-ed  to  the  turning  of  the  stem  when  the 
l)acking  is  on  or  off.  Hence,  when  this 
|)acking  is  applied,  the  Valve  Gear  operates 
imder  a  uniform  condition,  and  averts  the 
need  of  continual  adjustment  of  dash-pots. 
For  high  vacuum  service,  we  put  two  sets 
of  this  packing  together,  as  illustrated  in 
our  Double  Piston  Kod  Packing,  and  inject  a 
•steam  seal  luider  pressure  through  the  open- 
ing which  forms  the  drain  in  t  he  former  case. 
This  hermetically  seals  the  vacuum. 

SPLIT  PISTON  ROD  PACKING 

The  cut  delineates  our  outside  type  of 
packing  cage,  but  we  make  it  in  any  design 
that  requirements  or  preference  demands. 
Hence  we  can  completely  insert  it  in  the 
stuffing  box,  using  the  fiber  gland  to  hold 
it  in  place,  or  we  can  partly  insert  it  with 
its  outer  end  in  the  shape  of  a  flange  drilled 
to  receive  the  studs,  and  thereby  serve  as 
the  gland.  We  make  ])acking  rings  for  this  type  of  packing  in  oyer  six  designs, 
all  de):)ending  upon  th(^  i)reference  of  the  engineer  and  the  requirements  of  the 
service.  A  striking  innovation  in  split  packings  is  our  copper  gasket  that  forms 
a  jcint  between  the  stuffing  box  and  the  packing  case. 
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No.  3  Type  Faclting 


No.  6  Type  Packing 


Meclianical  Rubber  Goods 


THE  B.  F.  GOODRICH  COMPANY 

AKRON,  OHIO 

Offices  in  all  principal  cities 

MANUFACTURERS  OF  MECHANICAL   RUBBER   GOODS,  TIRES,  ETC. 


HOSE 

WATER  HOSE  covers  a  wide  range  of  usage,  making  it  quite  out  of  the 
quf^stion  to  advance  any  specific  recommendations  as  to  quality. 

■•WHITE  ANCHOR"  and  "AKRON" — special  grades  for  unusual  conditions 
of  service. 

"TRITON,"  "CASCADE,"  "  DELUGE,"— regular  grades  for  all  general 
purposes.    Braided  fabric  water  hose — in  either  smooth  or  corrugated  cover. 

STEAM  HOSE  must  be  heavily  constructed  to  stand  the  pressure,  and  the 
inner  lining  must  be  so  compounded  as  to  resist  the  action  of  steam  under  vary- 
ing temi)eratures. 

"GOODRICH" — for  high  pressure.     This  is  truly  a  long-life  hcse. 

Special  coverings  for  steam  hose:  Red  Painted  woven  cotton  cover.  Woven 
Mtirlin  Cover,  Asbestos  Wire-Wrapped  cover. 

PNEUMATIC  HOSE  wrapped  duck— 50'  length  style: 

"GOODRICH" — the  highest  quality  for  the  hardest  service. 

"AKRON" — the  standard  hose,  for  all  general  purposes. 

Wire  wrapped  i)neumatic  tool  hose. 

BRAIDED-FABRIC  PNEUMATIC  HOSE— smooth  or  corrugated. 

AIR  DRILL  HOSE  is  heavily  constructed  throughout  with  a  layer  of  canvas 
on  the  outside  as  a  protection  against  cuts  and  abrasions. 

"GOODRICH" — exceptionally  high  quality,  unequalled  for  wear. 
"QUARRY" — om-  standard  grade  and  biggest  seller. 

BOILER  WASHOUT  HOSE  is  made  in  extra  heavy  weight  to  withstand  the 
rough  service  it  encounters.  We  advocate  our  heavy  "Boiler  Washout  Hose" 
for  turbine  tube  cleaner  work.    Made  in  two  grades,  "Goodrich"  and  "Akron." 

SUCTION  HOSE  is  made  in  a  variety  of  grades  to  suit  any  purpose,  either 
smooth  or  rougli  bore  style. 

DREDGING  SLEEVES,  OIL  SUCTION  HOSE,  OIL  WELL  DRILLERS' 
HOSE,  OIL  CONDUCTING  HOSE,  GASOLINE  HOSE,  SAND  BLAST  HOSE, 
COKE  HOSE,  MARINE  DECK  HOSE,  all  especially  adapted  to  the  purposes 
for  which  they  are  made. 

PACKING 

RED  SHEET  PACKING— an  excellent  ]iroduct,  in  two  grades. 

RED  SHEET  BRASS  WIRE  INSERTED  in  the  same  grades. 

DIAPHRAGM  AND  CLOTH  INSERTION:  Packing  highly  recommended 
for  their  pro})er  uses. 

SUPER  HEAT  PACKING,  a  combination  of  rubber  and  asbestos,  especially 
adapted  for  high  pressures. 

RED  TUBULAR  GASKET  PACKING,  SPIRAL  SQUARE  DUCK  PACK- 
ING, ROUND  AND  SQUARE  DUCK  PACKING,  SQUARE  RUBBER  BACK, 
ROUND  PISTON  PACKING,  AND  PURE  GUM  STRIPS  all  made  to  supply 
the  demand  for  these  various  kinds. 

RUBBER  GASKETS 

All  grades  and  shapes.  No  matter  what  your  requirements  may  be,  we  can 
supply  them. 

RUBBER  PUMP  VALVES 

There  is  no  class  of  our  product  which  we  take  greater  pride  in  stamping  with 
the  GOODRICH  trade  mark.  Our  list  of  grades  is  complete;  we  are  always  glad 
to  give  special  attention  to  unusual  conditions. 

Made  in  grey  or  red  rubber. 
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Refrigerating  Machinery 


BRUNSWICK  REFRIGERATING  CO. 

NEW  BRUNSWICK,  N.  J.,  U.  S.  A. 

REFRIGERATING  AND  ICE  MAKING  MACHINERY 

For  Private  Residences  and  Estates. 

MARINE  REFRIGERATING  AND  ICE  MAKING  PLANTS. 

COMPLETE  PLANTS  INSTALLED  FOR  COMMERCIAL  REFRIGERATION  OF  ANY  KIND 


_____       y^    ^  j^t^k 


CONSTRUCTION 

The  "BRUNSWICK"  is  con- 
structed throughout  for  maximum 
wtrengtli,  efficiency,  and  durability. 
For  private  residence  work  the 
"BRUNSWICK"  is  acknowledged 
to  be  the  most  successful  type  on 
account  of  these  features  and  its 
simplicity. 

The  COMPRESSOR  is  fool 
proof.  Note  the  eccentric  drive; 
the  double  set  of  piston  rings; 
the  safety  relief  valve  inside  of  the 
discharge  valve;  the  fact  that  the 
discharge  valve  is  the  full  diameter 
of  the  cylinder.  There  is  not  a  bolt 
or  a  nut  inside  of  the  crank  case  of 
t  lie  machine. 


THE  "BRUNSWICK"  SYSTEM 

"BRTTNSWICK"   experience  has 

iinjiroved  not  only  the  compressor, 

but     the     whole    system    from 

the      automatic      expansion     valve 

which     is     used      on    the    smaller 

units     through     the     expansion 

side  of  the  plant,  through  the  compressor,  con- 
denser, and  back  to  the  anunonia  receiver. 
Nothing  but  the  very  best  and  strongest  mate- 
rial is  used.  The  fact  that  there  are  nearly 
1,200  "BRUNSWICK"  plants  in  operation  to- 
day of  12  tons  refrigerating  capacity  and  less, 
1,000  of  which  are  under  G  tons  capacity,  is  the 
be-t  testimony  that  can  be  given  regarding 
design,    material    and   workmanship. 


APPLICATION 

RESIDENCES 

STEAMSHIPS 

Clubs  and  Cafes 

Office  Buildings  (ice  water) 

Hotels 


Confectioners 

Dairies 

Ice  Cream  Makers 

Butchers 

Etc.,  Etc.,  Etc. 


Send  for  list  of  residence  installation:. 
Send  for  list  of  steamships  cqui])i)((l 
with  "BRUNSWICK"  plants,  or  for  general 
list   of  installations  of  all  kinds. 

The  "BRUNSWICK"  motto  is  not  "Build 
(lie  cheapest  machine,"  but  "Build  the  best." 
Our  sj)ecialty  is  the  small  unit. 
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R  cfri(jeratin(j  Mack  in  cry 


THE  HUETTEMAN  cSc  CRAxMER  CO. 

DETROIT,  MICH. 
REFRIGERATING  AND  ICE  MAKING  MACHINERY 


The  "Safety"  Ammonia  Compressor 

FEATURES  OF  ADVANTAGE  OF  THE  "SAFETY' 

MACHINE 


REFRIGERATING 


This  machine  is  designed  to  minimize  the  possibihty  of  wreck  or  damape 
caused  by  a  valve  part  or  by  liquid  becoming  imprisoned  between  cylinder  and 
piston. 

Due  to  the  peculiar  location  of  the  compressor  suction  and  discharge  valves 
it  is  impossible  for  any  valve  part  in  case  of  breakage  to  enter  the  cylinder,  and 
any  shot  of  hquid  that  may  come  through  the  suction  pipe  will  be  forced  out 
through  the  discharge  valves,  before  the  piston  reaches  the  end  of  its  stroke. 

The  machine  is  designed  along  the  most  improved  and  up-to-date  lines,  being 
of  heavy  duty  construction  throughout,  and  on  account  of  being  built  horizontal 
it  can  be  readily  looked  after  and  adjusted;  also  because  of  being  made  in  sec- 
tions, which  in  addition  eliminates  undue  strains  that  exist  in  all  hirge  castings, 
it  will  permit  of  being  installed  in  close  quarters  and  in  out  of  the  way  locations. 

All  working  parts  are  provided  with  large  wearing  surfaces,  every  means  of 
adjustment  is  j)rovidcd,  all  these  being  readily  accessible,  and  improved  oiling 
devices  are  fitted  to  all  wearing  surfaces. 

Because  of  its  simplicity,  accessibility  and  ready  adjustment,  it  can  be  placed 
in  charge  of  any  average  engineer  with  best  results. 

These  machines  are  built  for  direct  connection  with  engine  or  to  be  belt  driven. 


C.\PACITIE.S  IN  TONS  OF  REFRIGERATION    SIZES    APPROXIMATE  SPEEDS  AND 

POWER  REQUIRED 


Tons  Cap... 

61^ 

8 

9 

\\V. 

1.5 

25 

.30 

40 

45 

50 

60 

65 

SO 

90 

100 

115 

145 

160 

Bore 

.5H 

6>4 

6 

7 

8 

9 

10 

11 

1U4 

12 

13 

l.-iH 

14 

15 

16 

17 

18 

19 

Stroke 

i:^ 

12 

14 

14 

Hi 

18 

20 

22 

22 

24 

26 

26 

;io 

■M) 

82 

32 

■MS 

;•!(; 

R.P.M 

90 

90 

S.T 

X5 

80 

80 

75 

75 

75 

70 

70 

70 

65 

65 

60 

60 

60 

60 

Appr.  H.P.. 

10 

14 

15 

18 

25 

40 

45 

60 

65 

75 

90 

100 

120 

135 

150 

175 

220 

240 
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ALPHABETICAL  INDEX  TO  CONDENSED 
CATALOGUES  OF  POWER  PLANT  EQUIPMENT 

Allan,  A.  &  Son,  New  York 78,  79 

Badger,  E.  B.  &  Sons  Co.,  Boston,  Mass 66 

Blake  &  Knowles  Steam  Pump  Works,  New  York 56 

Bowser,  S.  F.  &  Co.,  Fort  Wayne,  Ind 75 

Brownell  Company,  The,  Dayton,  Ohio 48,  49 

Brunswick  Refrigerating  Co.,  New  Brunswick,  N.J 84 

C 'Ook,  C.  Lee,  Manufacturing  Co.,  Louisville,  Ky 82 

Custodis,  Alphons,  Chimney  Construction  Co.  New  York 51 

Darling  Pump  &  Mfg.  Co.,  Ltd.,  Williamsport,  Pa 67 

Elyria  Gas  Power  Co.,  Elyria,  Ohio 43 

Foskett  &  Bishop  Co.,  New  Haven,  Conn 64 

Gas  Machinery  Co.,  Cleveland,  Ohio 53 

Goodrich,  The  B.  F.  Co.,  Akron,  Ohio 83 

Heer  Engine  Co.,  Portsmouth,  Ohio 44 

Huetteman  &  Cramer  Co.,  Detroit,  Mich 85 

Hunt,  C.  W.,  Company,  West  New  Brighton,  N.  Y 52 

Kennicott  Company,  The,  Chicago  Heights,  111 58 

Magnolia  Metal  Co.,  New  York 80 

Model  Stoker  Company,  Dayton,  Ohio 54 

Mohr,  John  &  Sons,  Chicago,  111 50 

National  Pipe  Bending  Co.,  New  Haven,  C'onn .  .-. (iO,  61 

Neemes  Bros.,  Troy,  N.  Y 55 

Ohio  Brass  Co.,  Mansfield,  Ohio 65 

Pittsburgh  Gage  &  Supply  Co.,  Pittsburgh,  P;i 76 

Pittsburgh  Valve,  Foundry  &  Construction  Co.,  Pittsburgh,  Pa ()8,  (i9,  70,  71 

Pratt  &  Cady  Company,  Hartford,  Conn 72,  73 

St.  Marys  Machine  Co.,  St.  Marys,  Ohio 45 

Sterling  Machine  Co.,  Norwich,  Conn 77 

Strong,  Carlisle  &  Hammond  Co.,  Cleveland,  Ohio 62,  63 

Taylor  Instrument  Companies,  Rochester,  N.  Y 81 

Walworth  Manufacturing  Co.,  Boston,  Mass 74 

Waters  Governor  Company,  Boston,  Mass 59 

Wisconsin  Engine  Co.,  Corliss,  Wis 46,  47 

Worthington,  Henry  R.,  New  York 57 
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ALPHABETICAL    INDEX   TO    DISPLAY 
ADVERTISEMENTS   AND    DIRECTORY    CARDS 


Page 

Allen  Manufacturing  Co.,  Inc 25 

Alliance  Machine  Co 21,  37 

Allis-Clialmers  Co 15,  29,  34,  39 

Alniy  ^^  ater  Tube  Boiler  Co 27 

Aluminum  Co.  of  America 42 

American  Balance  Valve  Co 30 

American  Engine  Co 20,  27 

American  Injector  Co 12,  30 

American  Pulley  Co 35 

American  Steam   Gauge  &   Valve 

Mfg.  Co 30 

American  Steam  Pump  Co 23,  34 

Arnold  Co.,  The 24 

Ashton  Valve  Co 30 

Auburn  Ball  Bearing  Co ...   42 

Babcock  &  Wilcox  Co 19,  27 

Baldwin,  Bert  L 24 

Ball  Engine  Co 11,  27 

Best,  W.  N 30 

Bristol  Co 19,  31 

Brown,  A.  &  F.  Co.,  The 20,  35 

Brown  Hoisting  Mchy.  Co 37 

Buckeye  Engine  Co 11,  27 

Builders  Iron  Foundrv 23,  42 

Butterfield  6z  Co ' 25 

Caldwell  &  Son  Co.,  H.  W 37 

Carborundum  Co 25 

Carlvle  Johnson  Machine  Co.,  The.  36 
Carpenter  Tap  &  Die  Co.,  J.  M..  .   22 

Chapman  Valve  Mfg.  Co 31 

Chicago  Pneumatic  Tool  Co 40 

Clyde  Iron  Works 21,  37 

Crosby  Steam  Gage  &  Valve  Co. .  .   31 

DaUett  Co.,  Thos.  H 31 

Davidson  Co.,  M.  T 34 

Dean,  F.  W.,  Inc 24 

De  La  Vergne  Machine  Co 29 

Dodge  Manufacturing  Co 36 

Eastern  Machinery  Co 37 

Electrical  Testing  Laboratories.    .  .  24 

Engineer  Co.,  The 13,  31 

Engineering  Schools  &  Colleges ....  24 
Erie  City  Iron  Works 28 

Falls  Clutch  &  Mchy.  Co 20,  36 

Fellows  Gear  Shaper  Co 25 

Flexible  Steel  Lacing  Co 36 

Garvin  Machine  Co 25 

General  Electric  Co 39 

Goodrich  Co.,  B.  F 17,  37 

Goulds  Mfg.  Co 23,  35 
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Page 
Harri.sburg    Foundry    &    Machine 

Works 28 

Heald  Machine  Co 25 

Hewes  &  Phillips  Iron  Works ...  14,  28 

Hill  Clutch  Co 36 

Hills-McCanna  Co 31 

Holyoke  Machine  Co 35 

Homestead  Valve  Mfg.  Co 31 

Hooven-Owens-Rentschler  Co. .  .  13,  28 
Hughson  Steam  Specialty  Co 31 

Ingersoll-Rand  Co 7,  26,  32,  40 

Jeffrey  Mfg.  Co 17,  37 

Jenkins  Bros 19,  32 

Jolly,  J.  &  W.,  Inc 35 

Jones  &  Lamson  Machine  Co. .  .2,  3,  26 

Keasbey  Co.,  Robt.  A 32 

Keeler  Co.,  E 19,  28 

Kennedy  Valve  Mfg.  Co 18,  32 

King  Machine  Tool  Co 26 

King.sford  Fdy.  &  Mch.  Wks..  .  .18,  28 

Le  Blond  Machine  Tool  Co.,  R.  K. .   26 

Lidgerwood  Mfg.  Co 38 

Link-Belt  Co 38 

Ludlow  Valve  Mfg.  Co 32 

Lunkenheimer  Co.,  The 15,  32 

Mackintosh  Hemphill  &  Co 41 

Main,  Chas.  T 24 

Manning,  Maxwell  &  Moore 22,  26 

Manufacturing    Equip.    &    Engrg. 

Co 22,  26 

Mead-Morrison  Mfg.  Co 6,  38 

Mesta  Machine  Co 9,  28 

Mietz    Iron   Foundry   &    Machine 

Works,  August 29 

Monarch  Valve  &  Mfg.  Co 32 

Morehead  Mfg.  Co 32 

Morgan  Engineering  Co 38 

Morris  Machine  Works 23,  35 

Mumford  Molding  Mch.  Co 40 

Murphy  Iron  Works 12,  33 

National  Meter  Co 10,  30 

Nelson  Valve  Co 5,  33 

New  Process  Raw  Hide  Co 14,  26 

New    York    University    School    of 
Applied  Science 24 

Oneida  Steel  Pulley  Co 35 
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Paxson  Co.,  J.  W 40 

Peterson,  J.  Win 24 

Pickering  Governor  Co 33 

Polytechnic  Institute  of  Brooklyn.  24 

Power  Plant  Specialty  Co 33 

Power  Specialty  Co 33 

Professional  Cards 24 

Providence  Engineering  Works ....  28 

Reedy  Co.,  H.J ...20,  38 

Rensselaer  Polytechnic  Institute.  .   24 
Ridgway  Dynamo  &  Engine  Co. .  10,  29 

Robb  Engineering  Co.,  Ltd 18,  29 

Roberts  Filter  Mfg.  Co.,  Inc 42 

Robins  Convejnng  Belt  Co 38 

Rockwood  Manufacturing  Co 36 

Roebling's  Sons  Co.,  John  A IG,  38 

Roots  Co.,  P.  H.  &  F.  M..     41 

Ruggles-Coles  Engineering  Co 41 

Sandusky  Fdy  &  Mch.  Co 8 

Scaife  &  Sons  Co.,  Wm.  B 33 

Schutte  <fe  Kocrting  Co 33 

Shaw  Electric  Crane  Co 38 

Sherwood  Manufacturing  Co 33 

Smith  Gas  Power  Co.,  The 30 

Standard  Roller  Bearing  Co 22,  42 

Sturtevant  Co.,  B.  F 41 
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Tagliabue  Mfg.  Co.,  C.J 34 

Texas  Co.,  The 34 

Toledo  Bridge  &  Crane  Co 39 

Tufts  College 24 

Union  Drawn  Steel  Co 42 

United    Engineering    &    Foundry 
Co 9,41 

Vilter  Manufacturing  Co.,  The.  ...   29 

Wagner  Electric  Mfg.  Co 39 

Waltham  Machine  Works 26 

Warner  &  Swasey  Co 1,  27 

Webster  Mfg.  Co.,  The 39 

Wells  Brothers  Co 27 

Westinghouse  Electric  &  Mfg.  Co. 4,  39 

Westinghouse  Machine  Co 29 

Wheeler  Condenser  &  Engrg.  Co. .  .   34 

Wheeler  Mfg.  Co.,  C.  H 34 

Whiting  Foundry  Equipment  Co. 21,  40 

Wood's  Sons  Co.,  T.  B 36 

Woods  Machine  Co.,  S.  A 1,  42 

Yale  tt  Towne  Mfg  Co 16,  39 


THE  AMERICAN  SOCIETY 
OF  MECHANICAL   ENGINEERS 


THE    JOURNAL 


VOLUME  34 


NEW  YORK 
PUBLISHED  BY  THE  SOCIETY 

29  West  39th  Street 
1912 


\ 


INDEX  TO  THE  JOURNAL 

THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 
JANUARY-JUNE  1912 


INDEX  TO  THE  JOURNAL,  JANUARY-JUNE  1912 

Note:  Items  appearing  in  The  Journal  as  Societj'  Affairs,  have  the  month  and  page  number 
given.  Where  the  list  of  discussors  of  a  paper  is  given,  the  list  appears  under  the  straight  title 
of  the  paper.  Papers  published  in  The  Journal  previous  to  Janua^J^  discussion  of  which  was 
published  during  January  to  June,  are  indicated  by  the  month,  followed  by  1911.  All  papers, 
reports,  etc.,  of  the  Gas  Power  Section  appear  under  the  heading  Gas  Power  Section.  Items  re- 
garding Student  Branches  are  so  indexed.     Miscellaneous  items  are  indexed  under  Miscellaneous. 

AuEL,  C.  B.     Arc  Welding 51 

Bituminous  Coal  Producers  for  Power,  C.  M.  Garland 883 

California  Gold  Dredge,  Notes  on  Design  and  Mechanical  Features  of 

the,  Robert  E.  Cranston 169 

Carbureters,  Some  Tests  on,  George  W.  Munro 341 

C.\RH.\RT,  A.  B.     Addition,  Results  of  Tests  on  the  Discharge  Capacity  of 

Safety  Valves,  E.  F.  Miller 239 

Cast  Iron,  New  Processes  for  Chilling  and  Hardening,  Thomas  D.  West.       835 

Changes  in  Membership 157,  331,  452 

ChiUable  Irons,  Tests  of,  Thos.  D.  West 863 

Christie,  A.  G.     The  Present  Stale  of  Development  of  Large  Steam  Tur- 
bines         671 

Clayton,  J.  Paul.     A  New  Analysis  of  the  Cylinder  Performance  of  Re- 
ciprocating Engines 537 

CoBLEiGH,  H.  R.     Modern  Welding 7 

Coming  Meetings 163,  333,  456 

Commercial  Application  of  the  Turbine   Turbo-Compressor,  Richard  H. 

Rice March    1911 

Discussion:   E.  D.  Dreyfus,  J.  E.  Johnson,  Jr.,  R.  N.  Ehrhart, 
C.  G.  DE  Laval,  Julian  Kennedy,  C.  J.  Bacon  and  H.  J.  Freyn, 

Closure 251 

Cost  of  Power  with  Small  Units  of  Various  Types,  Albert  W.  Honywill, 

E.  H.  LocKWooD,  F.  P.  Pfleghar,  W.  J.  A.  London 379 

Council  Meetings 

December  5 Jan.,  23 

December  8 Jan.,  25 

January Feb.,  12 

February Mar.,  10 

March Apr.,  9 

IVIay June,  8 

Cranston,  Robert  E.     Notes  on  Design  and  Mechanical  Features  of  the 

California  Gold  Dredge 169 

Cylinder  Performance  of  Reciprocating  Engines,  A  New  Analysis  of  the, 

J.  Paul  Clayton 537 

5 


6  INDEX 

Cylinders  under  Internal  Fluid  Pressure,  Strength  of  Steel  Tubes,  Pipes 

and,  Reid  T.  Stewart 493 

Day,  Percy  C.     Herringbone  Gears 73 

Dedrick,  B.  W.     Flour  Milling  and  Mill  Engineering 777 

Development  of  Large  Steam  Turbines,  The  Present  State  of,  A.   G. 

Christie 671 

Diesel  Engine    in    Europe,    and  a  Few  Reminiscences  of  the  Pioneer 

Work  in  America,  The  Present  Status  of  the,  Rudolph  Diesel  ....  905 
Diesel,   Rudolph,  The  Present  Status  of  the  Diesel  Engine  in  Europe 

and  a  Few  Reminiscences  of  the  Pioneer  Work  in  America 905 

Discharge  Capacity  of  Safety  Valves,  Results  of  Tests  on  the,  E.  F. 

Miller.     Addition,  A.  B.  Carhart 227 

Discussion  of  Certain  Thermal  Properties  of   Steam,  A,  Geo.  A.  Good- 
enough 463 

Efficiency  of  Control  Systems  in  Flying  Machines,  The,  Albert  A.  Merrill.  773 

Electric  Propulsion  of  Ships,  W.  L.  R.  Emmet 373 

Discussion:    Ira  N.  Hollis,  C.  H.  Peabody 377 

Emmet,  W.  L.  R.     Electric  Propulsion  of  Ships 373 

Employment  Bulletin 154,  323,  445,  657,  823,  982 

Equipment  of  a  Modern  Flour  Mill  on  a  Gradual  Reduction  System,  John 

F.  Harrison  and  W.  W.  Nichols 511 

Factory  Construction  and  Arrangement,  L.  P.  Alford  and  H.  C.  Far- 

rell October  1911 

Discussion:   Alexander  Taylor,  C.  E.  Clewell,  G.  H.  Stickney, 
H.  0.  Stewart,  L.  D.  Burlingame,  H.  M.  Lambourn,  F.  A. 

Waldron,  H.  K.  Rowell 385 

Fernald,  Robert  H.     The  Gas  Power  Field  for  1911 105 

Flour  Milling  and  Mill  Engineering,  B.  W.  Dedrick 777 

Flour  MiU  on  a  Gradual  Reduction  System,  Equipment  of  a  Modern, 

John  F.  Harrison  and  W.  W.  Nichols 511 

Foreign  Review 115,  285,  405,  009,  811,  949 

Garland,  CM.     Bituminous  Coal  Producers  for  Power 883 

Gas  Power  Field  for  1911,  The,  Robert  H.  Fernald 105 

Gas  Power  Section 

Chairman's  Address.     The  Gas  Power  Field  for  1911,  Robert  H. 

Fernald 105 

Prehminary  Report  of  Literature  Committee 317,  439,  640,  811,  974 

Problems  in  Natural  Gas  Engineering,  Thos.  R.  WEiTkiouTH 723 

Gears,  Herringbone,  Percy  C.  Day 73 

Goodenough,  Geo.  A.     A  Discussion  of  Certain  Thermal  Properties  of 

Steam 463 

Harrison,  John  F.     Equipment  of  a  Modern  Flour  MiU  on  a  Gradual 

Reduction  System 511 

Herringbone  Gears,  Percy  C.  Day 73 

History  and  Development  of  the  Hartford  Electric  Light  Company,  C.  F. 

Scott 384 

Library,  Accessions  to  the 150,  326,  448,  661,  826,  986 

Meetings  of  Other  Societies 147,  320,  441 

American  Chemical  Society 146 


INDEX  7 

Meetings  of  Other  Societies — Continued 

American  Institute  of  Chemical  Engineers 145 

American  Society  of  Civil  Engineers 320 

American  Society  of  Heating  and  Ventilating  Engineers 441 

American  Institute  of  Mining  Engineers 441 

Engineers'  Dinner  in  Boston Feb.,  4 

Engineers  Society  of  Pennsylvania 320 

Illinois  Society  of  Engineers  and  Surveyors 441 

Internationa]   Congress  of  Navigation June,  4 

Iowa  Engineering  Society 442 

Kansas  Engineering  Society 442 

National  Association  of  Master  Steam  and  Hot  Water  Fitters ....  June,    7 

National  Conservation  Congress 814 

National  Irrigation  Congress 145 

New  England  Waterworks  Association 320 

Societ j^  for  the  Advancement  of  Education  in  the  South 320 

Western  Association  of  Electrical  Inspectors 321 

Western  Society  of  Engineers : 321 

Meetings  of  the  Society 

Annual  Meeting Jan.,  6 

Spring  Meeting Mar.,  3;  Apr.,  3;  May,  3;  June,  3 

October:  Boston,  367 

November:  New  Haven,  379 

December:  Boston,  Jan.,  4;  373 

January:  New  York,  Jan.,  3;  Feb.,  6;  Boston,  Jan.,  4;  Feb.,  4 

February:  New  York,  Feb.,  3;  Mar.,  5;  Boston,  Feb.,  4;  Mar.,  7; 

773;  St.  Louis,  Mar.,  5;  Philadelphia,  Mar.,  6 
March:   St.   Louis,   642;   Philadelphia,   642,   777,   New  York,   643; 

Boston,  643;  Providence,  813 
April:  New  York,  Apr.,  4;  May,  12;  New  Haven,  Apr.,  5;  814;  St. 

Louis,  814;   May,  12;  San  Francisco,  976* 
May:  Boston,  June,  5;  976;  New  York,  June,  976 
June:  St.  Louis,  June,  5; 

Meier,  E.  D.     Presidential  Address.     The  Engineer  and  the  Future 1 

Merrill,  Albert  A.     The  Efficiency  of  Control  Systems  in  Flying  Ma- 
chines        773 

Miller,  E.  F.    Results  of  Tests  on  the  Discharge  Capacity  of  Safety  Valves. 

Addition,  A.  B.  Carhart 227 

Miscellaneous 

Code  of  Ethics  for  Engineers Apr.,  10 

Current  Affairs  of  the  Society Jan.,  5;  Feb.,  14 

Display  of  Ericsson  Models Apr.,  6 

Ericsson  Medal  for  George  Westinghouse Mar.,  7 

Elections  to  Honorary  Membership Apr.,  9 

Foreign  Review Apr.,  7 

German  Museum  Commission May,  8 

Honorary  Membership  Conferred  on  Dr.  Diesel June,  6 

Important  Announcement  Regarding  Annual  Meeting May,  13 


8  INDEX 

Miscellaneous — Continued. 

Measurement  of  Taps,  Bolts  and  Screws May,  12 

Meetings  in  Honor  of  Dr.  Diesel May,  12 

Patent  Conference  at  Washington May,  13 

Request  from  New  York  Library Apr.,  5 

Resuscitation  from  Electric  Shock Apr.,  10 

Testimonial  from  Stevens  Alumni  to  Dr.  Denton May,  13 

Visits  of  the  Secretary Apr.,  8 

MtJNRo,  George  W.     Some  Tests  on  Carbureters 341 

Natural  Gas  Engineering,  Problems  in,  Thos.    R.   Weymouth 723 

Necrology 

Ernest  S.   Bowcn 97^ 

W.  F.  Buck 648 

Henry  W.  Bulkley Jan.,  50 

Thomas  B.  Davis Jan.,  50 

Joseph  James  Ferrier Jan.,  51 

Lee  D.  Fisher 821 

Caryl  D.  Haskins • Feb.,  36 

Milton  P.  Higgins 649 

Albert  W.  Jacobi 650 

Warren  S.  Johnson Feb.,  37 

James  P.   S.  Laurance 979 

George  Wallace  Melville Apr.,  12;  648 

Edward  W.  Mix Feb.,  37 

Hugh  S.  Morrison Feb.,  38 

John  G.  Ould 651 

Edward  S.  Renwick 819 

Thomas  F.  Salter •. Feb.,  38 

Edward  K.  Sancton 651 

Henry  W.  Spangler 818 

Francis  H.  Stillman .  .  .  . : 652 

George  H.  Sulzer 981 

John  Burkitt  Webb 653 

I.   Chester  G.  Wilkins 980 

Frederick  W.  Wolf 655 

New  Analysis  of  the  Cylinder  Performance  of  Reciprocating  Engines,  A, 

J.  Paul  Clayton 537 

New  Haven  Meeting:  Cost  of  Power  with  Small  Units  of  Various  Types, 
Albert  W.  Honywill,  E.  H.  Lockwood,  F.  P.  Pfleghar,  W.  J.  A. 
London;  The  Work  of  the  Society,  E.  D.  Meier;  The  History  and 
Development  of  the  Hartford  Electric  Light  Company,  C.  F.   Scott.  . .       379 

New  Processes  for  Chilling  and  Hardening  Cast  Iron,  Thomas  D.  West.  .       835 

Nichols,  W.  W.  Equipment  of  a  Modern  Flour  Mill  on  a  Gradual  Reduc- 
tion System. 511 

Norton,  Chas.  L.     Some  Refractory  Substitutes  for  Wood 359 

Notes  on  Design  and  Mechanical  Features  of  the  California  Gold  Dredge, 

Robert  E.  Cranston 169 

Officers,  New 

Alexander  Crombie  Humphrej^s Jan.,  28 


INDEX  9 

Officers,  New — Continued. 

William  Frederick  Durand Jan.,  30 

Ira  Nelson  Hollis Jan.,  31 

Thomas  B.  Stearns Jan.,  31 

Charles  Jackson  Davidson Jan.,  32 

Henry  Hess Jan.,  33 

George  A.  Orrok Jan.,  34 

The  Present  Status  of  Ike  Diesel  Engine  in  Europe,  and  a  Few  Rem- 
iniscences of  the  Pioneer  Work  in  America,  Rudolph  Diesel 905 

Producers  for  Power,  Bituminous  Coal,  C.  M.  Garland 883 

Report  of  Special  Committee  on  Flanges Feb.,  17 

Pellissier,  G.  E.     Thermit  Welding 39 

Personals 149,  322,  443 

Pipes  and  Cylinders  under  Internal  Fluid  Pressure,  Strength  of  Steel  Tubes, 

Reid  T.  Stewart 493 

Power  System  of  the  Pacific  Mills,  F.  A.  Wallace 367 

Presidential  Address.     The  Engineer  and  the  Future,  E.  D.  Meier 1 

Present  State  of  Development  of  Large  Steam  Turbines,  The,  A.  G.  Christie.  671 

Problems  in  Natural  Gas  Engineering,  Thos.  R.  Weymouth 723 

Reciprocating  Engines,  A  New  Analysis  of  the  Cyhnder  Performance  of, 

J.  Paul  Clayton 537 

Reduction  in  Temperature  of  Condensing  Water  Reservoirs  due  to  Cooling 

Effect  of  Air  and  Evaporation,  The,  W.  B.  Ruggles 601 

Reports 

House  Committee Jan.,  35 

Library  Committee Jan.,  35 

Committee  on  Meetings Jan.,  36 

Committee  on  Membership Jan.,  39 

Pubhcation  Committee Jan.,  40 

PubUc  Relations  Committee Jan.,  41 

Research  Committee Jan.,  44 

Standardization  of  Flanges Feb.,  17 

Results  of  Tests  on  the  Discharge  Capacity  of  Safety  Valves,  E.  F.  Miller. 

Addition,  A.  B.  Carhart 227 

Ruggles,  W.  B.     The  Reduction  in   Temperature  of  Condensing  Water 

Reservoirs  due  to  Cooling  Effect  of  Air  and  Evaporation 601 

Some  Refractory  Substitutes  for  Wood,  Chas.  L.  Norton 359 

Discussion:  F.  E.  Cabot,  W.  L.  Puffer,  F.  F.  Jonsberg,  F.  A. 
Waldron,  H.  F.  Bryant,  L.  S.  Cowles,  F.  B.  Sanborn,  E.  V. 
French,  L.  H.  Kunhardt,  Closure 365 

Some  Tests  07i  Carbureters,  George  W.  Munro 341 

Steam  Turbines,  The  Present  State  of  Development  of  Large,  A.  G. 

Christie 671 

Steel  Tubes,  Pipes  and  CyUnders  under  Internal  Fluid  Pressure,  Strength 

of,  Reid  T.  Stewart 493 

Stewart,  Reid  T.     Strength  of  Steel  Tubes,  Pipes  and  Cylinders  under 

Internal  Fluid  Pressure 493 

Strength  of  Steel  Tubes,  Pipes  and  Cylinders  under  Internal  Fluid  Pressure, 

Reid  T.  Stewart 493 


10  INDEX 

Student  Branches 

Armour  Institute  of  Technology Jan.,  20;  Feb.,  33;  Mar.,  8;  644;  815 

Columbia  University Jan.,  20;  644;  815;  977 

Cornell  University Jan.,  20;  Mar.,  8;  644;  815;  977 

Lehigh  University Jan.,  20;  644 

Leland  Stanford  Jr.  University Mar.,  8 

Massachusetts  Institute  of  Technology.  .  .  .Jan.,  21;  Feb.,  33;  Mar.,  8; 

644;  815; 977 

Ohio  State  University Jan.,  21;  Feb.,  33;  Mar.,  9;  645 

Pennsylvania  State  College 645;  815 

Polytechnic  Institute  of  Brooklyn '. Feb.,  34;  Mar.,  9;  816;  977 

Purdue  University 816 

Rensselaer  Polytechnic  Institute Jan.,  21 ;  645;  978 

State  University  of  Kentucky Jan.,  21;  Feb.,  35;  Mar.,  9;  645 

Stevens  Institute  of  Technology Jan.,  21;  Feb.,  34;  Mar.,  9;  645;  980 

University  of  Arkansas 816 

University  of  California 978 

University  of  Cincinnati Jan.,  22;  Feb.,  34;  Mar.,  9;  816;  980 

University  of  Illinois Jan.,  22;  Mar.,  9;  646;  817;  980 

University  of  Kansas ,Jan.,  22;  Feb.,  35;  Mar.,  10;  646;  817,  980 

University  of  Missouri Jan.,  22;  Feb.,  35;  Mar.,  10;  646;  817;  980 

University  of  Nebraska 647 

Washington  University Jan.,  23 ;  817 

Yale  University Jan.,  23;  Mar.,  10;  647;  817 

Symposium  on  Welding 

Modern  Welding  Processes,  H.  R.  Cobleigh 7 

Thermit  Welding,  G.  E.  Pellissier 39 

Arc  Welding,  C.  B.  Auel 51 

Discussion 63 

Temperature  of  Condensing  Water    Reservoirs    due  to  Cooling  Effect 

of  Air  and  Evaporation,  The  Reduction  in,  W.  B.  Ruggles 601 

Tests  of  Chillable  Irons,  Thos.  D.  West 863 

Thermal  Properties  of  Steam,  A  Discussion  of  Certain,  Geo.  A.  Good- 
enough 463 

Wallace,  F.  A.    Power  System  of  the  Pacific  Mills 367 

West,  Thomas  D.    New  Processes  for  Chilling  and  Hardening  Cast  Iron.  .       835 

West,  Thomas  D.     Tests  of  Chillable  Irons 863 

Weymouth,  Thos.  R.     Problems  in  Natural  Gas  Engineering 723 

Work  of  the  Society,  The,  E.  D.  Meier 384 


/ 

THE 

JOURNAL 

of 


THE    AMERICAN    SOCIETY 
OF  MECHANICAL  ENGINEERS 

JULY  1912 


35  CENTS  A  COPY  $3  A  YEAE 


ANNUAL  MEETING:  NEW  YORK,  DECEMBER  3-6 


PERSONAL  EFFORTS   OF  ALL   MEMBERSJEJ 

NEEDED  TO  EXTEND  THE  USEFUL-       M 

NESS  OF   THE   SOCIETY  ,.  ■ 

A  menibor  writing  to  tlie  Secretary  said  recently, 
"Service  to  the  commiDiity  viiist  be  the  basis  of  our  future 
extension  and  growth^  This  truth  has  long  been  realized 
by  the  Society  and  finds  an  important  expression  in  the 
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THE     SPRING     MEETING 

The  Spring  Meeting  was  held  at  Cleveland,  Ohio,  May  28  to  31, 
with  a  total  registration  of  562,  of  whom  221  were  members.  The 
headquarters  during  the  meeting  were  at  the  Chamber  of  Commerce 
Building,  where  the  professional  sessions  and  several  of  the  social 
functions  were  held,  and  lunches  were  served  there  on  Wednesday 
and  Friday.  This  building  is  well  adapted  for  a  gathering  of  this 
kind,  and  especially  so  in  this  case,  as  it  is  the  home  of  the  Cleveland 
Engineering  Society,  whose  rooms  were  freely  thrown  open  to  the 
use  of  the  members. 

The  Committee  on  Meetings,  Dr.  Charles  E.  Lucke,  Chairman, 
had  arranged  a  strong  professional  program,  and  the  Local  Com- 
mittee under  the  chairmanship  of  Ambrose  Swasey  contributed  in 
every  possible  way  to  the  pleasure  of  the  members  and  their  guests. 
His  efforts  were  ably  seconded  by  those  of  Prof.  Robert  H.  Fernald, 
Vice-Chairman,  F.  W.  Ballard,  Secretary,  and  R.  B.  Sheridan, 
Treasurer.  The  Local  Committee  was  divided  into  several  special 
committees,  the  Citizens  Committee  being  headed  by  Mr.  Swasey,  the 
Executive  and  Entertainment  Committees  by  Professor  Fernald,  and 
the  Finance  Committee  by  Mr.  Sheridan,  Transportation  by  George 
E.  Merryweather,  and  Accommodations  by  Arthur  G.  McKee. 
The  chairman  of  the  Ladies  Committee  was  Mrs.  Ambrose  Swasey, 
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and  the  Vicc-Chairman,  Mrs.  Robert  H.  Fernald.  At  the  Friday 
morning  session  resolutions  were  passed  expressing  the  thanks  and 
appreciation  of  the  visiting  members  for  their  entertainment,  but  a 
word  more  should  be  added  here  on  behalf  of  the  Secretary  of  the 
Society  and  the  office  staff,  whose  work  was  greatly  facilitated  by 
the  effective  organization  of  the  Cleveland  committees.  Not  only 
was  the  abundant  and  enjoyable  entertainment  provided  for,  but 
their  painstaking  care  in  attending  to  the  minor  details  connected 
with  the  management  of  the  meeting  was  an  important  factor 
in  its  success. 

THE    FIRST    DAY    OF    THE    MEETING 

On  the  afternoon  of  Tuesday,  the  first  registration  day,  Mr.  and 
Mrs.  Ambrose  Swasey  received  the  members  and  guests  at  their 
residence.  This  gathering,  held  under  auspices  so  favorable  and 
surroundings  so  attractive,  afforded  a  most  pleasing  introduction  to 
the  events  that  were  to  follow. 

Tuesday  evening  was  of  the  nature  of  a  diversion  from  the  more 
serious  technical  sessions  of  the  succeeding  days.  Cleveland  boasts 
one  of  the  most  skillful  cartoonists  in  the  country,  J.  H.  Donahey  of 
the  Cleveland  Plain  Dealer,  whose  services  were  enhsted  for  the 
evening.  Mr.  Donahey  is  also  a  "lightning"  sketch  artist,  and  he 
made  a  series  of  crayon  sketches  before  the  audience  on  large  sheets 
of  paper.  Several  of  these  were  caricatures  of  well-known  people, 
and  likenesses  were  drawn  of  President  Humphreys,  Ambrose 
Swasey,  and  Secretary  Rice.  Mr.  Donahey  had  as  running-mate 
the  city  editor  of  the  Plain  Dealer,  W.  R.  Rose,  who  entertained  the 
audience  with  stories  while  the  sketches  were  in  process. 

ADDRESSES    OF    WELCOME 

The  session  on  Wednesday  morning  opened  with  a  greeting  by 
Mr.  Swasey  on  behalf  of  himself  as  a  member  and  as  chairman  of 
the  local  committee,  and  of  the  Cleveland  members  generally.  He 
recalled  that  it  was  29  years  ago  when  the  Society  last  met  in  Cleve- 
land— a  long  time  to  wait  for  a  second  visit.  The  Society  then 
numbered  about  400  members,  while  today  it  has  more  than  4000. 
Not  only  has  it  grown  in  membership,  but  it  has  broadened  its  scope 
in  every  direction  of  mechanical  engineering,  covering  new  fields  of 
science  which  were  scarcely  drc^amed  of  when  the  Society  met  before 
in  this  city. 

Many  members  would  have  gladly  attended  this  convention,  who. 
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for  one  reason  or  another,  were  unable  to  do  so.  Mr.  Swasey 
had  with  him  several  letters  sent  to  the  local  committee  by 
absent  members  and  read  abstracts  from  some  of  the  letters 
which  came  from  past-presidents  of  the  Society.  One  was 
from  John  E.  Sweet,  "the  father  of  The  American  Society  of 
Mechanical  Engineers,"  who,  said  the  speaker,  should  he  live 
until  October  21,  would  be  80  years  of  age;  but  "we  know 
him  to  be  of  good  courage,  for  on  the  day  when  he  was  79,  he  and 
Mrs.  Sweet  started  on  a  journey  around  the  world,  which  was 
completed  successfully." 

Another  letter  was  from  E.  D.  Leavitt,  who  was  president  of  the 
Society  when  it  met  in  Cleveland  29  years  ago.  Still  another  was 
from  John  Fritz,  whom  they  love  to  call  "Dear  old  Uncle  John," 
and  who  on  August  21  next  will  be  90  years  of  age. 

There  were  present  on  the  platform  at  this  opening  session  past- 
presidents  George  Westinghouse,  E.  D.  Meier,  Ambrose  Swasey, 
S.  T.  Wellman  and  Jesse  Smith,  besides  President  Humphreys,  and 
herewith  are  given  extracts  from  letters  received  from  other  past- 
presidents  who  were  unable  to  be  present. 

John  E.  Sweet  wrote  that  he  was  not  well,  but  that  "the  doctor  has  guessed 
at  the  right  remedy.  The  idea  of  getting  the  past-presidents  together  is  a  nice 
thought,  and  I  hope  they  will  all  be  there  except  your  humble  servant." 

E.  D.  Leavitt:  "Eight  years  of  continuous  ill  health  precludes  attendance  at 
conventions  and  compels  a  quiet  life.  Please  give  my  heartiest  greetings  to  the 
members." 

Henry  R.  Towne:  "Permit  me  to  compliment  the  local  committee  on  its  wis- 
dom in  planning  to  secure  the  attendance  of  as  many  as  possible  of  the  past- 
presidents.  I  had  some  share  in  initiating  the  plan  under  which  the  past-presi- 
dents become  members  of  the  council,  and  have  always  beheved  that  the  Society 
was  greatly  benefited  and  strengthened  by  thus  retaining  the  influence  and 
council  of  those  who  have  served  it  in  a  presidential  capacity." 

John  R.  Freeman:  "I  have  extremely  pleasant  memories  of  Cleveland  dating 
away  back  to  the  first  meeting  of  our  Society  in  your  city,  and  to  an  exhibition 
of  an  observatory  live  ring  at  the  then  modest  shops  of  Warner  and  Swasey." 

Oberhn  Smith:  "Heartiest  greetings  to  the  members  of  our  beloved  Society; 
would  I  were  there." 

John  Fritz,  who  at  present  is  confined  to  his  room  through  ill  health,  expressed 
the  wish  that  he  could  again  meet  the  members  of  the  various  engineering  so- 
cieties with  whom  he  has  been  so  intimately  associated  for  so  many  years,  and 
asked  through  his  Secretary  "that  his  kindest  greetings  be  extended  to  all  dear 
friends  assembled." 

Fred.  R.  Hutton:  "I  send  this  greeting  and  sentiment  based  on  the  initials 
of  the  Society's  name.  May  the  initials  A.  S.  M.  E.  stand  also  in  the  future  as 
in  the  past  for  organization  Always  Sane,  Majestic,  Energetic. 

" Alvays,  with,  a  permanence  of  wise  policy  in  its  management;  <Sane,  undis- 
turbed by  fevers  and  the  delirium  of  the  newest  untried  dope  of  the  demagogue; 
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Majestic,  because,  conscious  of  its  power  and  its  responsibility,  its  stored  energy 
is  irresistible;  Energetic,  because  it  is  always  moving  in  progress  toward  its  goal 
of  pre-eminence." 

Notes  of  regret  were  also  received  from  Past-Presidents  Charles 
E.  Billings,  James  M.  Dodge  and  M.  L.  Holman. 

Mr.  Swasey  then  introduced  Newton  D.  Baker,  mayor  of 
Cleveland. 

ADDRESS    OF   MAYOR    BAKER 

Newton  D.  Baker,  mayor  of  Cleveland,  on  behalf  of  the  City, 
welcomed  the  Society  in  an  address  which  was  a  model  of  its  kind. 
He  said  in  part  that  he  could  well  understand  the  surprised  inquiry 
of  an  ancient  population  when  they  asked,  "Is  Saul  among  the 
prophets?"  for  he  discovered  himself  in  an  attitude  which  was  cer- 
tainly as  unfamiliar  as  prophecy  could  have  been  to  Saul.  The  idea 
of  a  mayor  being  in  the  company  of  so  many  eminent  and  dis- 
tinguished engineers  presented  an  anomaly  that  nothing  but  the 
accidents  of  political  fortune  could  possibly  explain.  Perhaps,  how- 
ever, since  the  profession  to  which  engineers  devoted  their  lives  was 
the  business  of  directing  the  energy  of  and  producing  results  from 
machinery,  it  was  not  so  wholly  inappropriate  that  a  man  who 
occasionally  dipped  into  political  endeavor  should  be  among  them, 
and  yet  he  hardly  deemed  himself  worthy  on  that  ground  alone  to 
be  a  member  of  that  distinguished  company. 

In  commenting  on  a  statement  attributed  to  Dr.  Humphreys, 
that  the  age  of  the  poor  genius  had  passed,  that  the  geniuses  of  the 
future  were  going  to  be  rich,  he  said  he  was  enabled  to  congratulate 
them  all  heartily,  but  that  it  did  not  afford  him  any  particular  per- 
sonal satisfaction. 

Engineers  represent  one  of  the  greatest  departments  of  human 
knowledge  and  human  endeavor.  The  mapping  out  of  the  activities 
of  mankind  that  has  gone  on  in  the  last  himdred  years,  the  last  fifty 
years  even  more  markedly,  has  set  aside  out  of  the  great  domain 
which  the  human  intellect  could  hope  to  conquer,  special  provinces 
for  special  men.  But  in  the  mechanical  arts,  the  application  of  the 
great  forces  of  nature  to  machinery,  the  advance  has  been  the  wonder 
of  the  world.  The  only  aspect  that  occurred  to  him  as  appropriate 
for  him  to  consider  or  to  suggest  for  the  consideration  of  those 
present  was  wlu^ther  or  not  the  economic  aspects  of  their  activities 
have  really  been  as  progressive  as  the  scientific  and  mechanical 
aspects;  has  the  benefit  that  ought  to  have  come  to  the  human  race 
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from  those  marvolloiis  inventions  and  this  increased  knowledge  })een 
as  widespread  as  it  ought  to  Ix^?  He  felt  that  unless  the  economic 
aspects,  the  processes  of  distribution,  the  economic  aspects  of  the 
advance  of  mankind  keep  pace  with  the  conquering  hand  that 
reduces  the  forces  of  nature  to  better  sul)jection,  an  unstable 
civilization  will  result. 

He  took  a  \Qvy  solid  satisfaction  from  the  statement  that  the  poor 
genius  is  a  thing  of  the  past;  l)ecause  it  seemed  to  him  that  the  man 
who  had  the  genius  to  conceive  and  fal)ricate  the  wonderfully  inter- 
esting and  complicated  and  intricate  and  wonderfully  productive 
things  that  were  now  made  in  response  to  the  suggestion  and  the 
touch  of  men  like  those  present,  men  who  had  the  genius  to  do  that, 
if  they  are  to  be  the  participants  in  the  benefits,  if  they  are  really  to 
be  controllers  of  the  economic  process  as  well  as  of  the  mechanical 
and  industrial  process,  it  will  mean  a  wider  distribution  of  the 
benefits  of  this  advance  of  learning. 

In  concluding  he  said  it  was  no  part  of  his  habit,  no  part  of  his 
taste  to  praise  Cleveland,  but  he  as  mayor,  in  welcoming  the  Society, 
wished  to  characterize  the  thing  of  Cleveland  which  most  appealed 
to  those  that  lived  there  and  of  which  they  were  most  proud,  and  of 
which  he  wanted  the  Society  to  be  the  most  conscious  as  Cleveland's 
message  to  it  on  its  departure.  He  thought  he  could  truthfully  say 
that  the  general  attitude  of  the  people  of  Cleveland  was  a  certain 
hospitality  to  new  ideas,  a  certain  generosity  in  its  welcome  to  every 
man  who  comes  to  it  with  a  message,  to  every  man  who  comes  to 
it  bringing  wisdom,  to  every  man  who  comes  to  consult  and  confer 
for  things  that  better  the  human  race. 

DR.    HUMPHREYS'    REPLY 

In  his  reply.  Dr.  Humphreys  was  sorry  to  confess  that  he  was  not 
responsible  for  the  statement  attributed  to  him,  but  wished  he  had 
said  it  now  that  it  had  been  turned  so  beautifully.  He  w^as  delighted 
to  have  heard  Mayor  Baker  speak  as  he  did  with  regard  to  what  he 
conceived  to  be  the  outlook  of  the  engineer,  for  he  had  touched  on  a 
topic  w^hich  was  very  close  to  his  heart.  He  thought  that  the  real 
growi,h  of  the  Society  was  to  be  found,  not  in  the  increase  in  num- 
bers, but  in  its  growth  in  character  and  scope. 

So  many  of  the  problems  of  the  day  which  are  troubling  us  in  this 
country,  and  even  threatening  us,  have  to  do  with  industrial  prob- 
lems, and  certainly  if  there  is  any  body  of  men  that  can  help  toward 
the  solution  of  those  problems  it  must  be  the  educated  engineers  of 
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the  United  States.  He  agreed  that  they  as  a  profession  had  not 
recognized  that  responsibiht}^  and  that  the  day  had  come  when  they 
must  recognize  that  they  were  not  only  engineers,  but  that  they 
were  citizens,  and  as  such,  carry  a  very  great  responsibihty  in  con- 
nection vnth  their  citizenship  because  of  the  knowledge  they  have 
in  regard  to  engineering  matters,  and  consequently  of  industrial 
problems.  For  these  reasons  he  considered  that  the  politician  and 
the  engineer  could  not  afford  to  work  apart. 

This  ended  the  introductory  remarks  and  the  meeting  proceeded 
to  the  order  of  business,  President  Humphreys  presiding,  the  first 
item  being  the  announcement  by  the  Secretary  of  the  reports  of  the 
Tellers,  first  on  the  recent  vote  on  the  amendment  to  the  constitu- 
tion, relating  to  the  expenses  of  meetings  and  second  on  the  election 
and  promotion  of  members. 

The  amendment  is  as  follows,  which  is  to  be  inserted  between 
the  existing  C  42  and  C  43  of  the  constitution: 

C  43  The  expenses  of  all  meetings  of  the  Society  and  of  any  group  or  section 
thereof,  shall  be  arranged  in  accordance  with  such  By-Laws  and  Rules  as  the 
Council  may  from  time  to  time  adopt,  provided,  however,  that  nothing  in  this 
section  shall  be  construed  to  authorize  the  Council  to  make  any  increase  in  the 
annual  dues  of  members  in  any  grade. 

The  summary  of  the  membership  ballot  is  as  follows: 

SUMMARY    OF    BALLOT 

Members 196 

Promotion  to  Members 37 

Associates 5 

Promotion  to  Associates 1 

Juniors 125 

Total r.^w^. . . ... .     364 

Jesse  M.  Smith,  Past-President,  at  the  request  of  the  Council, 
then  presented  a  report  on  several  proposed  amendments  to  the 
constitution.  These  amendments  were  suggested  by  the  Committee 
on  Increase  of  Membership  and  the  Membership  Committee  to 
better  provide  for  new  members  and  make  our  Society  uniform  in 
its  membership  and  method  of  election  with  sister  engineering  so- 
cieties here  and  abroad.  A  new  grade  of  membership  is  proposed 
to  be  known  as  Associate-Member,  which  is  distinguished  from  the 
present  Associate  grade.  As  defined  an  Associate  "shall  be  thirty 
years  of  age  or  over.  He  need  not  be  an  engineer,  but  must  have 
been  so  comiected  with  some    branch   of   engineering   or   science 
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or  the  arts  or  industries  that  the  Council  will  consider  him  qual- 
ified to  cooperate  with  engineers  in  the  advancement  of  profes- 
sional knowledge."  An  Associate-Member  "shall  be  an  engineer  or 
teacher  of  apphed  science  of  twenty-five  years  of  age  or  over.  He 
must  show  by  his  experience  or  by  his  duties  that  he  is  competent 
to  execute  work  in  his  profession."  It  is  further  proposed  to  sim- 
pUfy  the  machinery  of  election  oi  members  by  submission  of  the 
ballot  to  the  Council  only  instead  of  to  the  membership  at  large. 

In  the  discussion  of  this  report,  A.  B.  Carhart  raised  the  point 
that  confusion  might  result  from  having  two  grades  of  membership 
with  names  so  nearly  alike  as  the  ones  proposed  of  Associate  and 
Associate-Member.  Charles  Whiting  Baker  believed  there  was 
serious  objection  to  the  proposal  and  suggested  that  the  difficulty 
might  be  overcome  by  folloAving  the  plan  of  some  of  the  foreign 
societies,  calling  the  youngest  grade  of  members  Student-Members, 
consisting  of  those  from  21  to  25  years  of  age,  and  then  adopting  the 
term  Junior-Member  for  the  man  betw^een  25  and  30  who  wants  to 
come  into  the  Society. 

The  full  text  of  the  proposed  changes  in  the  constitution  will  be 
submitted  to  the  membership  in  letter-form  60  days  before  the  De- 
cember Annual  Meeting  for  discussion  at  that  time. 

PROFESSIONAL    SESSIONS 

Following  the  business  meeting  came  the  first  of  the  professional 
sessions,  one  being  a  continuation  of  the  business  meeting  in  the 
main  auditorium  and  the  other  a  meeting  of  the  Gas  Power  Section, 
held  in  the  Chamber  of  Commerce  library.  All  the  professional 
sessions  were  of  interest,  holding  the  attention  of  the  audiences 
throughout,  and  were  well  attended. 

In  connection  with  this  account  is  pubhshed  a  complete  program 
of  these  sessions  together  with  a  list  of  those  who  took  part  in  the 
discussion.  Abstracts  of  the  several  papers  with  a  complete  report 
of  the  discussion  will  appear  in  later  issues  of  The  Journal.  The 
papers  themselves  have  already  been  published  in  The  Journal 
in  full. 

WEDNESDAY   AFTERNOON    AND    EVENING 

On  Wednesday  afternoon  there  were  definitely  arranged  eight 
excursions,  as  follows:  American  Steel  &  Wire  Company,  by  special 
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train;  Brown  Hoisting  Machinery  Company;  National  Acme  Manu- 
facturing Company;  Peerless  Motor  Company;  Pennsylvania  Rail- 
road Ore  Handling  Plant;  Warner  and  Swasey  Company;  White 
Company  (automobiles);  Winton  Motor  Carriage  Company. 

Everybody,  both  ladies  and  gentlemen,  were  further  invited  to 
the  Cleveland  Country  Club,  where  tea  was  served.  Many  accepted 
and  the  trip  was  made  by  automobile  in  cars  supplied  by  the  Winton, 
Peerless  and  White  companies.  The  drive  to  the  Country  Club 
takes  one  over  several  miles  of  the  park  system  of  Cleveland  and  is 
a  delightful  trip. 

On  Wednesday  evening,  Dr.  Dayton  C.  Miller  of  Case  School 
gave  his  lecture  on  Sound  Waves.  After  the  lecture  expressions  of 
commendation  were  heard  on  every  hand.  Dr.  Miller's  exposition 
of  the  subject  was  clear  and  clean  cut  and  his  demonstration  of 
apparatus  and  slides  thrown  on  the  screen  showing  the  character- 
istics of  sound  waves  were  of  exceptional  interest.  An  abstract 
of  the  lecture,  given  quite  fully,  is  pul^lished  elsewhere  in  this 
number. 

Thursday's  entertainment 

On  Thursday  the  morning  session  adjourned  at  11:30  in  order  to 
give  everyone  an  opportunity  to  go  on  the  afternoon  excursion  on 
Lake  Erie  by  one  of  the  boats  of  the  Eastland  Navigation  Company. 
The  boat  was  entirely  at  the  disposal  of  the  members  and  guests 
and  the  sail  on  the  lake  was  most  enjoyable  and  gave  what  was 
perhaps  the  best  opportunity  of  the  convention  for  meeting  friends 
and  renewing  acquaintance. 

On  Thursday  evening,  the  local  members  were  at  home  at  the 
Colonial  Club  where  the  visiting  members  and  friends  were  received, 
and  later  in  the  evening  there  was  the  dance  and  collation  which 
have  regularly  Ijeen  enjoyable  features  both  of  the  Annual  and 
Spring  Meetings. 

Friday's  events 

The  visiting  members  very  generally  stayed  over  until  Friday 
evening,  attending  the  session  in  the  morning  and  the  excursions  in 
the  afternoon.  In  fact,  the  Friday  morning  session  brought  out  the 
most  varied  and  interesting  discussion  of  the  entire  meeting. 

The  excursion  planned  for  the  afternoon  was  by  train  to  Akron, 
Ohio,  where  visits  were  made  to  the  plants  of  the  Goodrich  Rubber 
Company  and  the  Wellman-Seaver-Morgan  Company. 
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At  the  conclusion  of  the  discussion  of  papers  on  Friday  morning, 
Prof.  Arthur  M.  Greene  offered  the  following  resolution: 

Whereas,  the  luoinbcrs  and  guests  of  The  American  Society  of  Mechanical 
Engineers  assembled  at  the  Semi- Annual  Meeting  in  Cleveland,  Ohio,  May  28-31, 
1912,  have  received  the  generous  hosi)itality  of  the  members  of  the  Society  in 
Cleveland  and  its  vicinity,  and  have  participated  in  the  many  social  events 
arranged  by  the  Local  Committee : 

Be  It  Resolved,  that  on  behalf  of  the  visiting  members  and  guests  the  Secre- 
tary extend  the  thanks  of  the  Society  to  the  Local  Committee  and  to  the  Ladies 
Committee  for  the  many  provisions  made  for  their  pleasure  and  comfort  in 
Cleveland;  to  Ambrose  Swasey,  Past-President,  and  Mrs.  Swasey  for  the  delight- 
ful reception  in  their  home;  to  Messrs.  J.  W.  Donahey  and  W.  R.  Rose  of  The 
Cleveland  Plain  Dealer,  for  their  entertainment;  to  Dr.  Dayton  C.  Miller  of  the 
Case  School  of  Apphed  Science,  for  his  instructive  lecture  on  Sound  Waves  and 
the  demonstration  of  the  new  instrument,  the  "Phonodeik";  to  J.  D.  Rockefeller 
for  opening  his  spacious  and  beautiful  grounds;  to  the  Cleveland  Engineering 
Society  for  the  use  of  their  rooms;  to  the  Cleveland  Telephone  Company  for 
gratuitous  service  rendered;  to  the  White,  Peerless  and  Winton  Automobile 
Compam'es  for  cars  placed  at  the  disposal  of  the  visitors;  and  to  the  American 
Steel  &  Wire  Company,  the  B.  F.  Goodrich  Company,  the  Welhnan-Seaver- 
Morgan  Company,  the  Warner  &  Swasey  Company,  and  other  firms  in  Cleve- 
land and  vicinity,  who  generously  opened  their  works  for  inspection  by  those  in 
attendance  at  the  Convention,  or  in  certain  cases  supplied  means  of  transporta- 
tion and  entertaiimient. 

Past-President  E.  D.  Meier  then  said  that  any  resolution  of  this  kind 
must  necessarily  be  put  into  such  short  form  that  it  seems  almost 
perfunctory  and  that  there  was  no  one  who  had  participated  in  the 
hospitality  extended  by  the  Cleveland  friends  but  would  feel  that 
more  was  meant  than  the  resolution  actually  said.  "The  expression 
of  appreciation  comes  from  our  hearts;  those  who  have  had  the 
pleasure  of  attending  other  conventions  at  Cleveland  were  prepared 
to  expect  a  great  deal,  but  their  expectation  has  been  outdone." 
He  could  only  say  that  he  hoped  that  at  the  Annual  Meeting  in  New 
York  as  many  Clevelanders  as  possible  would  honor  the  members 
there  and  give  them  a  chance  to  reciprocate  in  a  small  way.  Colonel 
Meier  seconded  the  motion  and  suggested  that  it  be  adopted  by  a 
rising  vote. 

Secretary  Rice  expressed  his  thanks  because,  as  he  said,  he  had 
"had  absolutely  nothing  to  do,  and  such  an  opportunity  is  seldom 
given  to  a  Secretary."  It  is  always  the  aim  at  these  conventions  to 
have  the  ideal  combination  of  a  great  variety  of  subjects  presented 
by  the  best  authorities  in  order  to  extend  the  scope  and  thought  of 
every  man  and  to  give  him  an  incentive;  and  then  to  provide  in 
addition  for  the  development  of  social  acquaintanceship,  all  tending 
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to  the  greatest  good  of  the  profession.  The  latter  part,  the  develop- 
ment of  social  acquaintanceship,  had  been  magnificently  provided 
for  by  the  Cleveland  members,  and  he  wished  to  express  every  pos- 
sible appreciation  for  the  splendid  work  which  Mr.  Swasey  and  the 
Local  Committee  had  accomplished. 

The  resolution  was  then  passed  unanimously  and  briefly  acknowl- 
edged by  Mr.  Swasey  for  the  Local  Committee. 

ENTERTAINMENT   BY   THE    LADIES    COMMITTEE 

Through  arrangements  made  by  the  Ladies  Committee,  the  visit- 
ing ladies  were  invited  to  see  as  many  points  of  interest  about  the 
city  as  their  time  allowed.  On  Wednesday  morning  they  visited 
the  plant  of  the  H.  Black  Company,  Cloak  manufacturers,  where 
processes  of  manufacture  were  inspected  and  garments  were  dis- 
played on  the  company's  models.  Beside  the  trip  by  automobile 
to  the  Country  Club,  the  ladies  were  taken  through  the  spacious 
grounds  of  J.  D.  Rockefeller  by  automobile. 

PRINTED    MATTER 

The  printed  matter  issued  by  the  Cleveland  committee  was  ex- 
ceptionally attractive  and  complete.  A  handsome  souvenir  of  the 
Convention  is  "The  Cleveland  Book,"  containing  125  pages,  bound 
in  flexible  cloth  and  printed  on  coated  paper,  with  many  illustrations. 
To  quote  the  words  of  the  title  page,  it  contains  "the  program  and 
particulars  of  the  event  together  with  an  account  of  the  leading  par- 
ticipants in  present  and  past  meetings  of  the  Society  in  Cleveland, 
and  some  discussion  of  the  civic  and  manufacturing  details  that  are 
of  most  consequence  to  mechanical  engineers."  No  less  than  five 
past-presidents  of  the  Society  have  been  active  in  the  affairs  of 
Cleveland,  and  an  accomit  of  their  lives  is  given  in  the  book.  There 
is  also  much  information  about  Cleveland  and  its  various  institu- 
tions. 

A  convenient  vest-pocket  booklet  was  issued  containing  a  directory 
of  plants  with  a  description  of  the  street  car  routes  and  time  schedules 
in  order  to  give  visitors  all  possible  aid  in  making  the  best  use  of 
their  time  during  their  stay  in  the  city.  A  small  map  of  the  business 
section  of  Cleveland  is  included  in  this  booklet. 

An  innovation  in  the  way  of  printed  matter  was  the  issuance  each 
day  of  the  "A.S.M.E.  Daily  News,"  consisting  of  slips  of  cardboard 
of  pocket  size  on  which  were  printed  a  list  of  the  events  for  the  day 
and  the  hours  at  which  they  w*ere  to  occur;  including  the  professional 
sessions,  entertainment  features,  excursions,  etc.     These  slips  were 
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a  great  convenience  to  the  visitors  and  constituted  a  feature  which 
may  well  be  adopted  at  later  meetings. 

PROGRAM 

OPENING  SESSION 

Tuesday  Afternoon,  May  28 

Informal  reception  at  the  home  of  Mr.  and  Mrs.  Swasey. 

Tuesday  Evening 

Membership  reunion  and  informal  reception,  Chamber  of  Com- 
merce Hall. 

SECOND  SESSION 

Wednesday  Morning,  May  29 

Business  Meeting:  Reports  of  committees,  tellers  of  election;  new 
business. 

A  New  Analysis  of  the  Cylinder  Performance  of  Recip- 
rocating Engines,  J.  Paul  Clayton. 

Discussed  by  Arthur  L.  Rice,  F.  E.  CarduUo,  R.  C.  Stevens,  S.  A.  Moss, 
R.  C.  H.  Heck,  F.  W.  Marquis,  C.  D.  Young,  J.  B.  Stanwood,  W.  D.  Ennis. 

Equipment  of  a  Modern  Flour  Mill  on  a  Gradual  Reduc- 
tion System,  John  F,  Harrison  and  W.  W.  Nichols. 

Design  and  Mechanical  Features  of  the  California  Gold 
Dredge,  Robert  E.  Cranston. 

SIMULTANEOUS  SESSION 
GAS    POWER    SECTION 

Problems  in  Natural  Gas  Engineering,  Thomas  R.  Weymouth. 
Bituminous  Coal  Producers  for  Power,  C.  M.  Garland. 
Discussed  by  O.  P.  Hood,  E.  D.  Dreyfus,  Leon  B.  Lent,  N.  A.  Marsh,  Thos. 
R.  WejTnouth,  Chas.  W.  Baker. 

Some  Tests  on  Carbureters,  George  W.  Munro. 

Discussed  by  Mr.  King,  C.  M.  Garland,  Professor  Vose,  R.  C.  Carpenter, 
George  A.  Orrok. 

Wednesday  Afternoon 

Inspection  by  members  of  local  manufacturing  and  power  plants. 
Automobile  trip  for  ladies  through  the  parks.  Tea  served  at  the 
Country  Club. 

Wednesday  Evening 

Sound  Waves:  How  to  Photograph  Them  and  What  They 
Mean,  Dr.  Dayton  C.  Miller,  of  the  Case  School  of  Applied  Science. 
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THIRD  SESSION 
Thursday  Morning,  May  SO 

New  Processes  for  Chilling  Cast  Iron,  Thos.  D.  West. 

Tests  of  Chillable  Irons,  Thos.  D.  West. 

Discussed  by  J.  E.  Johnson,  Jr.,  H.  M.  Lane,  Benjamin  D.  Fuller,  Henry  M. 
Howe,  Henry  Souther,  P.  Munnoch,  Paul  Kreuzpointner,  James  A.  Beckett, 
Carl  Hering,  A.  S.  Dowler,  C.  B.  Murray,  Albert  Sauveur,  Bradley  Stoughton, 
A.  E.  Outerbridge,  Jr. 

Strength  of  Steel  Tubes,  Pipes  and  Cylinders  under  In- 
ternal Fluid  Pressure,  Reid  T.  Stewart. 
Discussed  by  C.  N.  Sames,  T.  A.  Marsh. 

On  the  Control  of  Surges  in  Water  Conduits,  Wm.  F.  Durancl. 
Speed  Regulation  in  Hydroelectric  Plants,  Wm.  F.  Uhl. 

Thursday  Afternoon 
Excursion  on  Lake  Erie. 

Thursday  Evening 
Reception  and  dance  at  Colonial  Club. 
FOURTH  SESSION 
Friday  Morning,  May  31 

The  Present  State  of  Development  of  Large  Steam  Tur- 
bines, A.  G.  Christie. 

Discussed  by  George  A.  Orrok,  F.  Hodgkinson,  C.  V.  Kerr,  J.  A.  Moyer, 
Clarence  P.  Crissey,  E.  D.  Dreyfus,  Carl  Geo.  deLaval,  W.  L.  R.  Emmet. 

A  Discussion  of  Certain  Thermal  Properties  of  Steam,  G. 
A.  Goodenough. 

Discussed  by  F.  E.  Cardullo,  H.  N.  Davis,  R.  C.  H.  Heck. 

The  Reduction  in  Temperature  of  Condensing  Water 
Reservoirs  due  to  Cooling  Effect  of  Air  and  Evaporation, 
W.  B.  Ruggles. 

Discussed  by  F.  E.  Cardullo,  W.  H.  Carrier,  W.  T.  Donnelly. 

Results  of  Tests  on  the  Discharge  Capacity  of  Safety 
Valves,  E.  F.  Miller  and  A.  B.  Carhart. 

Friday  Afternoon 

Inspection  of  plants  of  The  Goodrich  Rubber  Company,  the 
Wellman-Seaver-Morgan  Company  at  Akron,  and  the  Diamond 
Match  Company  at  Barberton. 


SOUND  WAVES 

\\  HAT  THEY  MEAN  AND  HOW  TO  PHOTOGRAPH  THEM 

On  Wednesday  evening  of  the  Spring  Meeting  an  exceedingly  in- 
teresting experimental  lecture  was  given  by  Dr.  Dayton  C.  Miller, 
professor  of  physics  in  Case  School  of  Applied  Science,  on  the  sub- 
ject of  sound  waves.  The  lecture  culminated  in  the  demonstration 
of  an  instrument  invented  by  the  speaker,  known  as  the  "phono- 
deik,"  by  which  the  characteristics  of  sound  waves  are  recorded  on 
a  photographic  film.  Many  of  these  records  were  projected  on  the 
screen,  and  a  demonstration  was  given  of  a  large  projection  phono- 
deik  by  which  a  ray  of  light,  reflected  from  a  mirror  caused  to  vibrate 
by  sounds  from  various  sources,  is  thrown  on  the  screen  in  a  way 
to  show  the  characteristics  of  the  sound  waves  produced. 

In  the  production  of  sound  the  vibrations  of  the  sounding  body 
are  transmitted  to  the  ear,  usually  through  the  medium  of  the 
atmosphere.  These  vibrations  produce  in  the  surrounding  air  dis- 
placements, velocities,  accelerations,  changes  of  density,  and  other 
physical  phenomena.  These  changes  of  density  and  other  phe- 
nomena are  propagated  outwards  in  radial  directions,  with  a  velocity 
of  about  1100  ft.  per  sec.  Such  disturbances  as  they  exist  in  the  air 
around  a  sounding  body,  constitute  sound  waves. 

The  only  kind  of  vibration  that  can  be  propagated  by  the  air  is 
a  longitudinal,  or  back-and-forth,  movement  as  distinguished  from 
a  cross-wise  or  transverse  movement.  All  that  the  ear  perceives  in 
the  complex  music  of  a  symphony  orchestra  is  contained  in  the 
wave-motion  of  the  air  which  is  completely  represented  by  motion 
of  one  dimension,  that  is  by  motion  in  a  straight  line. 

That  motion  in  one  dimension  is  capable  of  producing  such  sounds 
is  simply  proved  by  the  telephone,  the  diaphragm  of  which  can  move 
only  back-and-forth.  The  talking-machine  is  perhaps  a  better 
demonstration  of  the  same  fact. 

The  ear  receives  three  classes  of  sensations  from  tones,  and  pre- 
sumably no  more.     One  of  these  gives  rise  to  the  characteristic  of 
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the  tone  called  pitch;  this  is  easily  proved  to  depend  upon  a  very 
simple  condition,  that  of  mere  frequency  of  vibration. 

The  second  property  of  tone  is  loudness  or  intensity,  which  is  not 
so  simple  as  pitch.  For  tones  of  the  same  pitch,  it  varies  mainly  as 
the  energy  of  vibration,  and  this  is  a  function  of  the  amplitude, 
varying  approximately  as  its  square;  loudness  also  varies  with  pitch, 
approximately  as  the  square  of  the  frequency. 

The  third  property  of  tone  is  much  the  most  complicated;  it  is 
that  characteristic  of  sounds  produced  from  some  particular  instru- 
ment or  voice,  by  which  they  are  distinguished  from  the  sounds  of 
the  same  loudness  and  pitch,  produced  from  other  instruments  or 
voices.  This  characteristic  is  called  timbre,  tone-color,  or  simply, 
quality. 

When  we  inquire  as  to  the  cause  of  tone  quality,  since  pitch  de- 
pends upon  frequency  and  loudness  upon  amplitude,  we  conclude 
that  quality  must  depend  upon  the  only  remaining  property  of  a 
periodic  vibration,  namely,  the  peculiar  kind  or  form  of  the  motion; 
or,  if  we  represent  the  vibration  by  a  curve  or  wave  line,  the  quality 
is  dependent  upon  the  peculiarities  represented  by  the  shape  of  the 
wave.  There  is  possible  an  endless  variety  of  motion  for  the  produc- 
tion of  sound,  and  quality  is,  therefore,  almost  infinitely  complicated 
in  its  causes,  as  compared  with  the  other  two  properties  of  sounds. 

As  already  stated,  sound  waves  in  air  are  longitudinal;  in  many 
solid  bodies  the  motion  producing  and  transmitting  sound  are  trans- 
verse, as  in  the  tuning-fork.  It  can  readily  be  shown  that  both 
kinds  of  wave  motion  are  correctly  and  adequately  represented  by 
the  same  type  of  line,  the  harmonic  curve.  The  correctness  of  this 
statement  is  also  shown  by  the  talking-machine,  the  record  for 
which  is  a  trarisverse  wavy  line,  which  by  the  reproducing  mechanism 
gives  equivalent  longitudinal  movements  to  the  diaphragm. 

Tuning-forks  properly  constructed  and  mounted  on  resonance 
boxes  are  shown  by  analysis  to  produce  vibrations  in  the  air  which 
are  single  simple  harmonic  motions;  the  resulting  tones  are  called 
simple  tones,  and  their  sensation  is  markedly  simple  and  pure.  If 
several  simple  tones  of  different  pitches,  as  from  several  tuning- 
forks,  are  simultaneously  sounded,  they  simultaneously  excite  dif- 
ferent systems  of  waves,  which  exist  as  variations  in  density  of  the 
air;  the  resulting  displacements,  velocities,  and  changes  in  density 
of  the  air  are  each  equal  to  the  algebraic  sum  of  the  corresponding 
displacements,  velocities,  and  changes  in  density  which  each  system 
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of  waves  would  have  separately  produced  had  it  acted  independently. 
There  must,  therefore,  be  peculiarities  in  the  motion  of  a  single  par- 
ticle of  air  which  differ  for  a  single  tone  and  for  a  combination  of 
tones;  and  in  fact  the  kind  of  motion  during  one  period  is  entirely 
arbitrary,  and  may  indeed  be  infinitely  various.  (A  model  was 
exhibited  showing  three  simple  waves,  and  their  combinations  in 
various  phases.) 

Every  sound  which  has  a  distinct  quality  is  a  composite  sound. 
Analysis  has  shown  that  the  tone  from  a  clarinet  may  have  twenty- 
five  or  more  components,  the  trombone  thirty,  and  the  piano  as 
many  as  forty-two.  Such  tones  are  musically  rich  and  full  in  quality 
and  are  usually  much  admired;  though  by  way  of  contrast,  simple 
tones  are  often  considered  very  sweet.  (An  experiment  was  per- 
formed, compounding  ten  simple  tones  into  one  resultant  tone,  illus- 
trating the  composite  character  of  the  ideal  musical  tone.) 

The  method  by  which  the  ear  proceeds  in  its  analysis  of  tone 
quality  was  first  definitely  stated  by  Ohm,  in  Ohm's  law  of  acoustics. 
Helmholtz  states  this  law  in  the  following  form: 

"Every  motion  of  the  air  which  corresponds  to  a  composite  mass 
of  musical  tones  is  capable  of  being  analyzed  into  a  sum  of  simple 
pendular  vibrations,  and  to  each  such  simple  vibration  corresponds 
a  simple  tone,  sensible  to  the  ear,  and  having  a  pitch  determined 
by  the  periodic  time  of  the  corresponding  motion  of  the  air." 

Fourier  proved,  in  1822,  in  a  purely  mathematical  way,  and  with 
no  idea  of  acoustical  application,  that  any  given  regular  periodic 
function,  such  as  the  most  complex  sound  wave,  can  always  be  repre- 
sented by  a  trigonometric  series  of  sines  and  cosines,  and  for  each 
case  in  one  single  way  only.  Each  sine  or  cosine  term  in  the  series 
may  be  considered  as  representing  a  single  simple  component  wave; 
then  in  Fourier's  series,  the  successive  terms  have  frequencies  which 
are  exact  multiples  of  the  first,  but  the  amplitudes  and  phase  differ- 
ences are  arbitrary  and  can  always  be  found  in  every  given  case,  by 
peculiar  methods  of  calculation  which  Fourier  has  shown. 

If  the  Fourier  series  corresponding  to  a  given  wave  is  determined, 
the  wave  is  said  to  have  been  analyzed.  The  series  may  be  written 
in  the  form  of  an  equation  for  the  mathematician,  or  it  may  be 
shown  graphically  for  the  physicist.  (Charts  and  slides  were  shown 
illustrating  the  analysis  of  curves,  and  showing  a  harmonic  analyzer, 
which  is  a  kind  of  mechanical  integrating  device,  and  may  be  used 
with  great  convenience ;  it  is  only  necessary  to  trace  the  curve  with 
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a  pointer  attached  to  the  recording  device,  and  then  to  read  from  a 
series  of  dials  the  numerical  data  which  determine  the  separate 
simple  components  of  the  complex  wave.  A  harmonic  synthesizer 
was  also  illustrated.) 

In  order  that  sound  waves  may  be  analyzed  in  accordance  with 
the  principles  stated  by  Ohm  and  Fourier,  it  is  necessary  to  have  a 
record  of  the  sound  wave,  that  is,  to  have  a  curve  which  corresponds 
to  the  peculiar  motions  of  a  particle  transmitting  the  sound.  The 
most  successful  instruments  that  have  been  used  for  this  purpose 
are  the  manometric  flame,  the  telephone,  the  phonautograph,  and  the 
talking  machine. 

None  of  these  methods  seemed  adequate  for  proposed  investiga- 
tions; and  after  several  years'  experimenting  an  apparatus  has  been 
developed  which  gives  accurate  records  showing  great  detail.  The 
instrument  has  been  named  the  "phonodeik,"  meaning  to  show 
sound. 

The  sound  to  be  recorded  is  concentrated  by  a  horn  upon  a  dia- 
phragm; the  motion  of  the  diaphragm  is  communicated  to  a  minute 
mirror.  Light  from  the  electric  arc  falls  upon  the  mirror  and  is  re- 
flected to  a  moving  photographic  film  in  a  special  camera,  producing 
the  record  of  the  sound  waves.  A  magnification  of  about  2500  is 
commonly  employed;  the  film  moves  at  the  rate  of  from  five  to  fifty 
feet  per  second,  and  in  some  cases  the  spot  of  light  has  a  velocity 
on  the  film  of  1000  feet  per  second.  The  vibrator  employed  in 
making  the  photographs  is  very  minute,  the  mirror  being  about 
0.04  inch  square,  and  the  whole  weighing  about  a  thirty-second  part 
of  a  grain.  For  purposes  of  demonstration  a  larger  phonocleik  has 
been  made,  which  will  exhibit  the  principal  features  of  "living  sound 
waves,"  so  that  a  thousand  people  can  see  them.  (A  demonstration 
was  made  with  the  projection  phonodeik,  showing  the  sound  waves 
from  many  sources  and  from  the  voice  of  the  speaker  during  the 
concluding  part  of  the  lecture.) 

The  methods  described  are  being  used  in  an  elaborate  study  of 
the  nature  of  sounds  from  various  sources,  the  results  of  which  may 
be  presented  at  some  future  time. 


GENERAL  NOTES 

TWELFTH  INTERNATIONAL  CONGRESS  OF  NAVIGATION 

The  Twelfth  International  Congress  of  Navigation  convened  in 
Philadelphia,  May  23,  and  was  attended  by  considerably  over  300 
foreign  delegates.  A  committee  of  our  Society  consisting  of  Charles 
Whiting  Baker,  Chairman,  W.  M.  McFarland,  H.  deB.  Parsons, 
George  B.  Massey,  Stevenson  Taylor,  John  W.  Lieb,  Jr.,  and  Jesse 
M.  Smith,  augmented  by  T.  C.  Martin,  E.  E.  Olcott,  E.  L.  Corthell, 
met  each  delegate  and  welcomed  him  as  he  arrived  in  America.  A 
special  invitation  was  personally  addressed  to  each  and  handed  to 
him  on  the  steamer,  inviting  him  to  make  his  headquarters  at  the 
Society's  house  and  to  use  it  to  its  fullest  extent  while  in  America. 
The  official  delegate  to  the  congress  was  Wm.  T.  Donnelly. 

The  congress  was  opened  by  the  President  of  the  United  States 
and  by  state  and  municipal  representatives,  and  continued  four  days. 
The  banquet  on  the  last  day  was  probably  attended  by  the  greatest 
number  of  engineers  of  any  banquet  held  in  the  United  States.  At 
the  conclusion  of  the  meetings  in  Philadelphia  professional  visits 
were  arranged  as  follows:  one  section  went  to  Boston  to  view  the 
Cape  Cod  Canal,  and  other  sections  went  to  Pittsburgh,  to  Wash- 
ington and  to  New  York.  In  New  York  the  visitors  were  officially 
received  by  the  City  of  New  York  and  shown,  under  the  guidance  of 
Calvin  Tomkins,  commissioner  of  docks,  the  harbor  and  dock 
facilities.  There  was  a  reception  at  the  rooms  of  the  American 
Society  of  Civil  Engineers  and  visits  to  the  tunnels  now  under  con- 
struction. Then  followed  a  daylight  trip  up  the  Hudson  to  Albany 
where  the  engineers  who  had  gone  to  Boston  were  joined  and  the 
whole  party  continued  on  a  trip  through  the  Great  Lakes. 

1912  FLANGE  STANDARD 

The  1912  Standard  for  Extra  Heavy  Flanges  and  Flanged  Fittings, 
having  reference  mainly  to  sizes  above  8  in.  in  diameter  and  ordered 
printed  by  the  Council  in  the  February  Journal,  was  the  result  of 
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labors  covering  a  period  of  considerably  over  a  year  by  the  com- 
mittee consisting  of  Messrs.  H.  G.  Stott,  Chairman,  A.  C.  Ashton, 
W.  Schwanhausser,  J.  P.  Sparrow  and  W.  M.  McFarland,  acting 
in  an  advisory  capacity  to  the  National  Association  of  Master  Steam 
and  Hot  Water  Fitters.  This  standard  has  been  adopted  by  the 
Bureau  of  Standards  and  several  of  the  other  departments  of  the 
United  States,  and  pipes  and  fittings  made  according  to  it  may  be 
secured  from  many  firms,  notwithstanding  it  has  been  in  effect  only 
since  May  1. 

Pipes  and  fittings  made  according  to  the  1912  standard  are  con- 
siderably heavier  and  stronger  than  those  made  according  to  the 
manufacturers'  alternative  standard  or  the  standard  adopted  in 
1904  by  the  Engineering  Standards  Committee  of  Great  Britain,  or 
the  one  adopted  in  1900  by  the  Verein  deutscher  Ingenieure.  In 
the  report  last  year  of  the  Alsace  Association  of  Owners  of  Steam 
Machinery  Plants  is  the  statement  that  there  have  been  a  great  many 
accidents  in  joints  of  pipes  and  valves  made  according  to  the  last 
standard  which  had  resulted  in  fatal  consequences  and  that  there 
was  general  dissatisfaction,  all  of  which  confirms  the  judgment  of 
the  Society's  committee  in  increasing  the  strength  of  flanges  where 
the  initial  mechanical  strains  of  construction  are  often  several  times 
that  due  to  the  steam  pressure. 

In  general  the  1912  standard  is  intended  for  plants  where  no  sum 
is  considered  too  great  which  will  ensure  safety  and  continuity  of 
service. 

SUB-COMMITTEES  OF  THE  COMMITTEE  ON  MEETINGS 

Six  additional  sub-committees  of  the  Committee  on  Meetings  have 
been  appointed  as  fohows:  Iron  and  Steel,  Air  Machinery,  Rail- 
road Equipment,  Industrial  Building,  Hoisting  and  Conveying,  Fire 
Protection.  It  is  expected  that  papers  and  reports  in  the  field  of 
engineering  covered  by  these  committees  will  be  presented  during 
the  coming  year.  Information  will  be  of  service  and  suggestions 
will  be  gratefully  received  from  members  having  original  material 
to  offer  in  any  of  the  lines  of  activity  coming  within  the  scope  of 
these  committees. 

Attention  has  already  been  called  to  the  fact  that  it  is  desired 
to  have  papers  for  the  Annual  Meeting  on  hand  by  September  1. 
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LOCAL  MEETINGS 

At  the  convention  in  Cleveland  representatives  from  six  cities  met 
in  conference  and  recommended  the  form  of  meetings  which  the 
Society  should  conduct  in  the  several  cities.  This  form  was  later 
adopted  by  the  Council. 

The  substance  of  the  method  adopted  is  that  local  meetings  be 
considered  as  sectional  meetings  with  the  local  committee  in  respon- 
sible charge,  and  that  the  By-Laws  and  Rules  of  the  Society  now  in 
vogue  for  professional  meetings  be  apphcable  to  the  geographical 
sections. 

A  close  relation  between  the  Society's  activities  and  activities  of 
the  several  centers  is  maintained  by  the  interchange  of  papers  and 
contributions  from  the  Society's  funds,  for  the  professional  features 
of  the  local  meetings. 

Additional  local  obligatory  fees,  as  such,  are  not  favored  either  by 
the  centers  or  by  the  Council,  all  members  of  the  Society  being  by 
right  entitled  to  attend  all  meetings  wherever  held.  This,  however, 
does  not  make  it  impossible  for  voluntary  contributions  to  be  made 
for  activities,  professional  or  social,  which  may  be  conducted  by  the 
local  committees. 

Another  feature  of  the  recommendation  from  the  conference 
emphasized  by  the  Council  is  that  sections  should  build  up  and 
strengthen  local  engineering  interests  and  societies  in  a  broad  and 
general  way,  with  the  assistance  and  cooperation  pledged  in  advance 
by  the  national  Society. 

The  Council  has  been  greatly  interested  for  years  in  the  holding 
of  meetings  in  the  several  cities  as  best  promoting  the  general  interest 
of  the  members,  but  has  refrained  from  formulating  rules  till  ex- 
perience has  been  obtained  to  enable  a  satisfactory  code  to  be 
designed. 

INVITATION  TO  MEET  IN  GERMANY,  JUNE  23-25,  1913 

The  Society  is  just  in  receipt  of  the  following  cable: 

American  Society  of  Mechanical  Engineers, 
29  West  39th  Street. 
The  Verein  deutscher  Ingenieure  has  today  unanimously  resolved  to  invite 
The  American  Society  of  Mechanical  Engineers  to  its  next  Annual  Meeting  in 
Leipzig. 

OsKAR  Von  Miller,  President. 
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Preliminary  announcement  is  thus  made  of  the  invitation,  which 
has  been  accepted  by  the  Comicil  to  a  joint  meeting  of  this  Society 
with  the  Verein  deutsclier  Ingenieure  in  Leipzig  in  June  next  year. 

A  committee  of  arrangements  will  shortly  be  appointed  and  the 
Society  can  expect  an  extraordinary  opportunity  to  hold  a  meeting 
with  the  national  society  of  Germany  and  make  an  official  tour  of 
the  industrial  centers,  concluding  with  a  meeting  in  Munich  and  a 
visit  to  the  German  museum  of  which  Dr.  Von  Miller  is  president. 


AN  ANALYSIS  OF  ACCIDENTS   IN  A  MACHINE 
TOOL  WORKS 

By  I.UTHER  D.  Rtjrlingame 
ABSTRACT  OF  PAPER 

The  paper  deals  with  an  analysis  of  accidents  in  a  machine  tool  works  show- 
ing what  proportion  of  accidents  are  due  to  each  of  a  number  of  different  causes; 
also  an  analysis  as  to  which  departments  of  the  works  have  the  greatest  number 
of  accidents  and  further  as  to  the  degree  of  disability  resulting  from  the  accidents. 
The  jnirpose  of  the  paper  is  to  learn  from  past  experience  how  to  reduce  accidents 
in  the  future. 
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AN  ANALYSIS  OF  ACCIDENTS   IN  A  MACHINE 
TOOL  WORKS 

By  Luther  D.  Burlingame,  Providence,  R.  I. 

Member  of  the  Society 

In  making  a  study  of  safety  methods  and  safety  devices,  an 
analysis  of  the  accidents  that  have  occurred  in  one  of  our  large 
machine  shops  may  be  of  service  for  still  further  protecting  the 
workmen  when  engaged  in  their  various  lines  of  employment. 

2  A  careful  record  of  all  accidents  in  the  works  of  the  Brown 
&  Sharpe  Manufacturing  Company  has  been  kept  during  the  last 
seven  years  and  a  study  made  of  them  for  the  purpose  of  ascertain- 
ing where  danger  is  greatest,  what  accidents  are  preventable  and 
how  best  to  avoid  them.  It  may  be  said  that  in  this  factory  extra 
care  has  been  taken  for  many  years  to  guard  against  accident  and 
the  management  has  never  hesitated  to  spend  money  for  that  pur- 
pose when  convinced  that  it  would  bring  about  safer  conditions. 
During  the  last  year  an  additional  effort  has  been  made  to  profit 
by  past  experience  both  at  our  own  works  and  by  the  experience  of 
others  and  still  further  to  tune  up  the  safety  equipment  and  spirit 
of  the  organization  in  order  that  accidents  might  be  reduced  to  a 
minimum. 

3  When  this  additional  work  was  undertaken,  about  a  year  ago, 
an  analysis  of  all  accidents  which  occurred  during  the  previous  six 
years  was  made  along  three  lines:  (a)  the  percentage  of  accidents 
under  each  of  18  headings  from  different  causes;  (b)  the  percentage 
by  departments  of  the  shop,  divided  into  more  than  30  groups;  (c) 
the  seriousness  of  the  injury  and  the  resulting  length  of  disability 
from  work.  Following  this,  a  similar  record  is  being  kept  each  year 
showing  (d)  what  kinds  of  accidents  are  increasing  and  what  kinds 
are  being  decreased  by  the  further  safety  methods  being  adopted, 

Presented  before  the  April  1912  Meeting  of  the  Providence  Association  of 
Mechanical  Engineers  (Affiliated  with  The  American  Society  op  Mechanical 
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also  which  deioartments  two  r('(hiciiig  their  accidents  and  which  arc 
growing  worse. 

4  The  different  kinds  of  accidcnits  were  classified  as  follows,  and 
the  percentages  given  are  for  the  six  years  preceding  the  date  of  the 
investigation,  i.  e.,  1905  to  1910  inchisive: 

Total  Accident,s     Percentage 

Caught  in  machinery 78  7 

Caught  or  struck  by  belt 23  2 

Set  screw  or  other  projection 29  2.6 

Falling  on  or  striking  workman 220  20. 1 

Workman  falling  or  strain  lifting 75  0.7 

Machinery  starting  unexpectedly S  0.7 

Chain  or  rope  slii)ping  or  hnviking 10  1.0 

Punch  press,  rolls,  or  shears 20  2 

Cutters  and  met  al  saws 94  8.5 

Handling  work  or  chips — eyes 126  11.2 

Woodworking  machinery 47  4.2 

Burns,  including  electricity 79  7.0 

Cuts  with  sliarp  instruments 20  2 

Jams  and  hammer  blows 71  6.3 

Caught  in  tool  and  work  (not  cutters) 170  15.7 

Elevator 4  0.5 

Foohng 13  1.2 

Litter  or  dark  places 15  1.3 

5  These  accidents  naturally  divide  into  two  groups:  (1)  those 
caused  by  machinery  either  (a)  by  being  caught  in  the  gearing,  belting 
or  other  parts  of  the  machinery,  or  (5)  by  being  injured  bj'-  the  cutter 
or  other  tool  or  caught  between  the  tool  and  the  work;  (2)  those 
caused  by  falling,  jams,  burns,  cuts,  etc.  The  first  group  includes, 
42.7  per  cent  of  the  accidents  occurring  during  the  six  years,  divided 
as  follows:  group  (a)  12.3  per  cent;  group  (/>)  30.4  per  cent.  This 
leaves  57.3  per  cent  as  the  proportion  of  accidents  occurring  under 
the  second  group. 

6  From  the  above  analysis  it  will  be  seen  that  if  complete  guards 
could  be  provided  so  that  every  accident  due  to  Ijeing  caught  in 
gearing,  on  set  screws,  or  anywhere  in  the  mechanism  of  machinery 
would  be  avoided,  it  could  at  most  only  reduce  the  accidents  12.3 
per  cent.  Several  recent  occurrences  show  the  unexpected  accidents 
which  result  from  this  cause.  A  workman,  hearing  a  rattling  in  the 
knee  of  a  milling  machine  he  was  running,  reached  his  hnnd  under- 
neath to  see  if  the  caus(^  were  due  to  a  collar  which  he  thought  might 
have  become  loose,  and  stuck  his  fing(U'  into  the  running  gearing. 

7  Another  case  was  that  of  a  workman  who  reached  for  a  can 
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of  oil  which  ho  had  left  on  a  lodgo  of  the  machhio.  In  lifting  it  up 
ho  caught  a  finger  in  the  pump  gears  back  of  the  guard.  J^oth  of 
these  accidents  occurred  on  machines  considered  sufficiently  guarded, 
and  to  oxperien('(Hi  worknuni,  indicate  that  to  have  compl(>te  safety 
it  may  be  necessary  to  enclose  all  gearing  entirely,  whether  or  not  it 
is  exposed. 

8  A  way  of  preventing  accidents  by  being  caught  by  set  screws 
or  other  projections,  also  coming  under  this  division,  is  to  insist  on 
the  wearing  of  short-sleeved  jumpers,  to  avoid  loose  clothing, 
hanging  neckties,  etc.  One  of  the  apprentices  at  the  Brown  & 
Sharpe  Manufacturing  Company's  works  was  injured  recently  by 
having  the  pocket  of  his  jumper  catch  on  the  set  screw  of  the  re- 
volving dog  while  he  was  filing.  All  of  the  boj^s  running  machines 
at  this  plant  are  obliged  to  wear  short-sleeved  jumpers  and  the 
men  are  advised  to.  Seventeen  of  the  accidents  reported  were  due 
to  being  caught  by  the  sleeve  of  the  jumpers. 

9  The  company  is  now  experimenting  with  various  forms  of  safety" 
dogs,  none  with  the  projecting  set  screws  having  been  added  to  the 
equipment  during  the  last  year.  The  plan  of  changing  the  regular 
dogs  for  headless  screws  adjusted  with  a  socket  wrench  is  also  being 
tried  experimentally. 

10  The  accidents  in  group  (6)  are  more  frequent  and  more 
difficult  to  guard  against.  It  is  practically  impossible  in  many  cases 
to  do  guarding  at  the  point  of  cutting,  and  if  guarding  is  attempted 
it  may  introduce  dangers  greater  than  those  sought  to  be  avoided. 
It  is,  however,  possible  to  insist  that  the  fingers  shall  never  be  used 
to  wipe  off  chips,  etc.,  from  a  running  cutter.  Out  of  the  94  acci- 
dents from  cutters  reported,  30  were  caused  by  being  caught  when 
wiping  off  chips  with  the  fingers. 

11  In  the  use  of  punch  presses  20  accidents  had  occurred  in  the 
period  investigated,  so  this  was  one  of  the  first  matters  to  be  con- 
sidered. The  means  adopted  for  guarding  against  these  accidents 
were  novel,  as  far  as  the  author  is  aware,  and  have  proved  fully 
successful  both  in  avoiding  accidents  and  in  preventing  an  apprecia- 
ble increase  in  cost  of  doing  the  work.  A  rule  was  made  that  the 
fingers  and  hands  must  never  be  put  between  the  punch  and  die. 
Tweezers  and  pliers  were  furnished  for  handling  the  work,  the  points 
being  shaped  in  some  cases  to  suit  particular  jobs.  The  only  acci- 
dents since  have  been  to  the  points  of  the  tweezers  and  pliers. 
Chutes   have  also  been  used   to   slide  the  work   into   position,   a 
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stick  being  used  to  remove  it  after  the  operation.  For  some  work 
which  it  was  thought  could  not  be  handled  by  the  above  means,  a 
swinging  fixture  was  designed  so  that  the  work  can  be  put  in  place 
away  from  under  the  punch  and  then  swung  into  position  for  the 
operation. 

12  The  47  accidents  from  woodworking  machinery  were  largely 
cuts  from  circular  saws,  but  included  eight  where  the  block  of  wood 
was  thrown  back  when  slitting,  two  of  the  cases  being  fatal,  the  only 
fatal  accidents  in  the  works  during  this  period.  The  men  are  now 
required  to  wear  a  heavily  padded  apron  when  using  a  slitting  saw, 
and  this  has,  it  is  believed,  saved  the  lives  of  several  workmen.  The 
use  of  a  ''spreader"  when  properly  installed  helps  to  prevent  such 
accidents  by  keeping  the  cut  from  closing  in  back  of  the  saw. 

13  Another  prolific  source  of  accidents  which,  while  not  serious 
perhaps,  are  painful,  is  in  being  cut  by  revolving  grinding  wheels, 
especially  when  doing  internal  grinding  and  trying  the  plug  in  the 
hole  without  running  the  wheel  back  a  sufficient  distance.  Twenty- 
eight  of  the  accidents  were  from  this  cause.  A  shield  has  been  de- 
signed which  automatically  swings  up  in  front  of  the  wheel  so  as  to 
protect  the  hand  if  the  plug  should  slip. 

14  Under  the  second  group,  falling,  jams,  burns,  cuts,  etc.,  a 
large  proportion  of  the  accidents  are  entirely  within  the  control  of 
the  workman,  either  the  one  hurt  or  a  fellow  workman,  and  the 
remedy  is  largely  to  be  found  by  employing  careful  methods.  In 
this,  however,  the  foreman  can  exercise  a  large  influence  for  safety. 
Some  specific  remedies  can  also  be  applied.  It  was  found  that  37 
cases  of  burned  feet  in  the  foundry  had  resulted  from  wearing  laced 
or  low  shoes.  A  rule  was  made  that  Congress  or  other  high  shoes 
without  lacing  should  be  worn,  and  a  supply  of  such  shoes  is  kept 
and  sold  to  the  fouudrymen  at  aljout  cost.  This  has  nearly  remedied 
the  trouble.  There  remains,  however,  the  liability  of  the  iron  spat- 
tering into  the  tops  of  the  shoes  and  burning  the  legs  when  the  pants 
are  ragged.  A  study  is  being  made  of  the  possibility  of  using  pants 
made  of  non-burnable  material. 

15  About  one-fourth  of  all  the  accidents  are  caused  by  weights 
falling  on  the  workman  and  jamming  or  cutting  either  the  hands 
or  the  feet,  and  from  the  workman  himself  slipping  and  falling.  The 
remedy  here  is  to  use  care  that  safe  methods  are  employed  and  that 
men  do  not  take  chances.  Classified  with  these  are  13  accidents 
traceable  to  "fooling,"  some  occurring  outside  of  working  hours. 

16  In  considering  the  classification  by  departments  and  kinds  of 
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work,  it  was  found  that,  for  the  period  of  six  years,  the  average 
number  of  accidents  was  greatest  in  the  following  departments,  the 
percentage  of  employees  injured  each  year  being  as  follows: 

(a)  Grinding  department,  13.8  per  cent,  being  caused  largely  by 
cuts  from  grinding  wheels.  This  has  been  much  reduced  during  the 
past  year,  so  that  this  department  now  ranks  eighth  instead  of  first 
in  order  of  accidents. 

{b)  Laborers,  10.6  per  cent,  largely  from  injury  by  falling  objects, 
jams,  strains  in  lifting  and  the  workman  falling. 

(c)  Carpentei'S,  10  per  cent,  a  large  proportion  of  the  injuries  being 
due  to  woodworking  machinery. 

(d)  Foundry,  9.5  per  cent,  due  mainly  to  burns,  also  to  falls  and 
falling  objects. 

17  Then  follow  the  various  machine  departments  from  7.6  per 
cent  down  to  2.2  per  cent,  and  ending  with  the  inspection  depart- 
ment, the  offices  and  the  drafting  department  with  the  percentage 
coming  down  to  0.  Only  four  elevator  accidents,  and  these  slight, 
occurred  during  the  six  years,  a  very  good  showing  with  more  than 
a  dozen  elevators  in  constant  operation. 

18  In  the  classification  by  seriousness  of  injury  and  length  of 
disability  of  1124  accidents  .occurring  during  the  period  of  six  years 
covered,  382  resulted  in  no  disability,  that  is,  no  absence  from  work. 
In  457  cases  there  was  less  than  one  week's  absence  from  work.  Of 
the  remaining  285  cases,  132  resulted  in  between  one  and  two  weeks' 
absence;  74  in  two  to  four  weeks'  absence;  51  in  one  to  three  months' 
absence;  five  in  three  to  six  months'  absence;  and  five  in  over  six 
months'  absence;  in  addition,  eight  were  hurt  so  as  to  cause  the 
loss  of  an  eye,  a  foot  or  permanent  injury,  two  dying  from  the 
effects  of  their  injuries.  Ten  men  left,  and  no  record  was  kept 
of  the  duration  of  their  disabihty.  These  statistics  form  a  good 
basis  for  future  investigations  looking  towards  a  still  further  ac- 
cident reduction. 

19  In  1911,  with  an  average  of  4050  employees,  there  were  243 
accidents,  or  about  6  per  cent  of  the  workmen  were  hurt  sufficiently 
to  report;  this  on  a  basis  of  reporting  slight  accidents  as  well  as 
those  of  a  more  serious  character.  Some  of  the  added  measures  for 
safety  had  been  in  operation  during  part  of  the  year,  so  that  the 
gain  from  6|  per  cent,  the  record  of  the  previous  year,  to  6  per  cent 
for  1911,  indicated  a  gain  due  to  such  further  safeguarding.  This 
gain  was  also  shown  in  the  reduced  number  of  serious  accidents  in- 
cluded in  last  year's  list.     There  were  no  fatal  accidents;  no  loss  of 
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eye  or  limb,  and  more  than  70  per  cent  of  the  reported  accidents 
resulted  either  in  no  disabiUty  or  in  less  than  one  week's  loss  of  time. 
20  In  some  few  departments,  where  accidents  increased  during 
the  past  3'ear,  special  steps  are  being  takcni  to  ascertain  the  cause 
and  to  avoid  a  repetition.  Each  accident  is  studied  to  learn  the 
lesson  it  teaches  as  to  further  methods  of  safety.  It  is  hoped  by  such 
means  to  reduce  the  accident  list  to  a  minimum  for  the  benefit  of 
both  workm(!n  and  employers. 


THE  MORE  FUNDAMENTAL  PRINCIPLES  OF 
PATENT  LAW 

By  Edwin  J.  Prindle 
ABSTRACT  OF  PAPER 

The  purpose  of  this  paper  is  to  present  to  the  engineer  and  manufacturer  an 
explanation  of  the  more  fundamental  principles  of  patent  law,  in  plain  English, 
without  the  use  of  legal  phraseology.  The  paper  also  gives  an  example  of  a 
typical  commercial  development,  undertaken  for  the  purpose  of  establishing 
a  patent  monopoly,  the  development  serving  both  to  illustrate  many  phases  of 
the  procedure  of  conducting  such  a  development  and  as  a  concrete  example 
for  use  in  explaining  the  principles  of  the  patent  law. 
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THE  IVIORE  FUNDAMENTAL  PRINCIPLES  OF 
PATENT  LAW 

THEIR  EXPOSITION  IN  A  POPULAR  FORM  IN  CONNECTION  WITH 

A  TYPICAL  INDUSTRIAL  DEVELOPMENT,  FOR  THE  PURPOSE  OF 

ESTABLISHING  A  PATENT  MONOPOLY 

By  Edwin  J.  Prindle,  New  York 

Member  of  the  Society 

It  is  the  purpose  of  this  paper  to  give  to  the  engineer  and  manu- 
facturer a  sufficient  understanding  of  the  more  fundamental  principles 
of  the  patent  law,  including  the  nature  of  a  patent,  the  protection 
it  may  afford,  how  it  may  affect  his  relations  mth  his  competitors, 
and  the  principles  applied  by  the  courts  in  enforcing  patents;  so, 
that  knowing  in  a  general  way  what  may  be  accomplished  by  patents, 
he  will  be  "put  on  his  inquiry"  and  neither  let  opportunities  to 
avail  himself  of  patents  escape,  nor  blindly  run  into  difficulties 
with  the  patents  of  others.  It  is  not  the  purpose  of  the  paper  to 
make  him  his  own  lawyer,  but  rather  to  enable  him  to  tell  when 
counsel  is  needed  and  to  cooperate  intelligently  with  his  counsel. 

2  To  make  the  exposition  of  these  principles  more  interesting 
and,  at  the  same  time,  to  illustrate  a  campaign  of  patent  engineering 
to  establish  a  patent  monopoly,  I  shall  explain  these  principles  in 
connection  with  a  typical  industrial  development.  This  development 
is  an  actual  experience;  I  have  chosen  it  for  the  purpose  of  illus- 
tration, because  it  is  one  of  the  most  extensive  and  complete  efforts 
to  develop  a  new  commercial  situation,  and  protect  that  situation 
by  patents  with  which  I  am  familiar,  and  therefore,  I  think,  affords 
many  suggestions  which  would  be  of  use  in  attempting  similar 
developments  in  other  fields. 

THE    OBJECT   OF   THE    DEVELOPMENT 

3  For  the  manufacture  of  shoes,  a  very  large  number  of  lasts 
are  made   each   year,   amounting   to   several   million   pairs.     This 
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business  has  been  conducted  by  over  sixty  different  establishments, 
there  being  no  patents  to  prevent  anyone  from  making  the  ordinary 
last,  which  comprises  75  per  cent  of  all  that  were  used.  The  object 
of  the  development  has  been  to  establish  a  patent  situation  which 
would  enable  the  bulk,  at  least,  of  this  large  business  to  be  monop- 
olized. The  ordinary  last,  shown  in  Fig.  1,  consists  of  a  single  piece 
of  wood  from  toe  to  heel,  with  a  detachable  instep  block  adapted  to  be 
removed  after  the  shoe  has  been  built  around  the  last,  so  that  the 
main  portion  of  the  last  could  itself  be  removed.  This  last  has  certain 
great  disadvantages,  among  others  that  it  cannot  bend,  as  the  foot 
bends  in  coming  out  of  the  shoe,  and  consequently,  the  shoe  is 
somewhat  strained  in  being  taken  off  the  last  after  having  been 
built  around  it,  and  the  shoe  cannot  be  made  exactly  the  shape 
of  the  foot,  especially  the  curve  at  the  back  of  the  heel,  because 
if  this  unbendable  kind  of  a  last  were  made  the  exact  shape  of  the 
foot,  the  shoe  could  not  be  taken  off  the  last.  Previous  to  the  devel- 
opment in  question,  lasts  had  been  put  on  the  market  in  which  the 
old  last  was  made  in  two  pieces  connected  b}^  a  hinge  at  about  the 


Fig.  1     Old  Block  Last 

instep,  as  shown  in  Fig.  2,  so  that  the  last  could  be  bent,  and,  in 
effect  shortened,  like  the  foot  in  taking  it  out  of  the  shoe.  These 
lasts  comprise  the  remaining  25  per  cent  of  those  sold. 

4  The  shape  of  the  toe  of  a  last,  of  course,  conforms  to  the  shape 
of  the  toe  of  the  shoe,  and  a  manufacturer,  under  the  old  system, 
had  as  many  sets  of  lasts  as  there  were  different  styles  of  toes.  As 
the  heel  of  the  last  is  always  the  shape  which  the  manufacturer 
conceives  to  be  the  shape  of  the  average  human  heel,  it  does  not 
change  with  the  style  of  the  last.  Therefore,  it  was  conceived  in  the 
new  development  that,  if  lasts  could  be  made  having  the  advantages 
of  the  hinged  last  of  Fig.  2,  but  having  the  toe  part  readily  detach- 
able from  the  heel,  it  would  be  possible  for  a  shoe  manufacturer  to 
have  one  set  of  heels  large  enough  to  keep  all  his  machines  busy,  and 
to  use  those  heels  with  toes  of  many  different  styles.     This  would 
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enable  him  simply  to  attach  whatever  style  of  toe  he  wanted  to 
manufacture  from  to  his  standard  heels  and  then,  in  filling  the 
next  order,  to  use  these  same  heels  with  some  other  style  of  toe. 
If  the  detachment  was  made  between  the  toe  and  the  hinge,  then 
there  would  need  to  be  onlj''  one  hinge  for  each  heel,  and  not  a  hinge 
for  each  of  the  separate  toes.  As  the  number  of  heels  would  be  much 
less  than  the  number  of  toes,  this  would  effect  a  great  saving  in  the 
cost  of  hinges,  and  consequently  of  lasts,  to  the  manufacturer. 
When  the  shoe  manufacturer  wanted  to  put  out  a  new^style  of  shoe, 
he  M^ould  need  only  to  order  new  toe  parts,  and  would  be  able  to 
use  the  old  heels  with  their  hinges.  The  toes  would  need  but  little 
metal  attached  to  them,  and,  if  a  cheap  and  accurate  method  of 
making  the  toes  could  be  devised,  it  will  readily  be  seen  that  the 
toes  could  be  sold  at  a  much  lower  cost  than  an  entire  pair  of  hinged 
lasts,  comprising  both  toes  and  heels,  and  yet  be  as  good  to  the.  shoe 
manufacturer  as  an  entire  pair  of  old  lasts,  and  permit  a  heavy 
profit  to  be  made  by  the  manufacturer  of  the  lasts. 


Fig.  2    Old  Hinged  Last 

5  Therefore,  the  object  of  the  development  was  to  devise  a 
last  consisting  of  a  toe  and  heel  connected  by  a  hinge,  the  toe  being 
readily  detachable  from  the  hinge,  and  to  devise  machinery  and 
methods  of  manufacture  which  would  enable  these  parts  to  be 
cheaply  and  accurately  manufactured,  the  accuracy  being  necessary 
so  that  any  toe,  when  secured  to  any  heel  of  the  corresponding 
length  and  width  of  shoe,  would  with  that  heel  make  a  complete 
last  which  would  be  accurate  in  its  shape  and  measurements.  It 
is  necessary  that  the  lasts  be  accurate  in  shape  and  measurement, 
because  the  parts  of  the  shoe  are  made  separately  in  large  numbers, 
and,  when  they  are  assembled  together  upon  the  last,  they  must 
fit  the  last  and  each  other  so  accurately  as  to  make  a  well-made  and 
well-fitting  shoe  of  the  desired  shape  and  size.  It  is  desirable  to  cut 
the  parts  of  the  shoe  with  as  little  waste  as  possible,  because  of  the 
expense  of  the  leather,  and  the  greater  the  accuracy,  the  less  need 
be  the  amount  of  waste. 
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NUMBER    OF   KINDS    OF    INVENTIONS   WHICH    CAN    BE    PATENTED 

6  It  was  next  considered  how  many  kinds  of  patents  this  devel- 
opment is  likely  to  form  a  basis  for.  The  law  provides  for  patenting 
four  different  classes  of  inventions:  (a)  arts,  or,  as  they  are  usually 
known,  methods,  or  processes;  (b)  machines;  (c)  manufactures; 
(d)  compositions  of  matter. 

These  classes  of  inventions  will  be  better  understood  as  they  are 
illustrated  in  applying  them  to  our  typical  development.  I  may 
briefly  define  them,  however,  as  follows: 

a  An  art  may  be  any  process  or  series  of  steps  or  operations 

for  accomplishing  a  physical  or  chemical  result. 
b  A  machine  is  any  assemblage  of  mechanical  elements  hav- 
ing a  law  of  action  of  its  own. 
c  A  manufacture  is  anything  made  by  the  hand  of  man  that 
is  not  an  art,  machine  or  composition  of  matter.     A 
knife  having  a  stationary  blade  would  be  an  article  of 
manufacture.     If,  however,  the  blade  were  pivoted,  it 
would  be  a  machine,  for  it  would  then  have  a  law  of 
action  of  its  own  between  its  elements.     The  line  of 
demarcation  between  manufactures  and  machines  is  not 
at  all  important,  so  long  as  it  is  clear  that  a  proposed 
subject  of  a  patent  is  one  or  the  other  of  these  classes 
of  inventions,   the  object  being  to   determine  whether 
the  invention  is  one  that  comes  under  the  patent  law. 
There  are  many  inventions  which  are  not  patentable 
The    department    store    is    a    very    valuable    invention 
commercially,  but  is  not  such  a  one  as  the  patent  law 
contemplates  protecting. 
d  A  composition  of  matter  is  any  mixture  or  combination  of 
chemical  elements,  whether  solid,  liquid  or  gaseous. 

A  combination  of  elements  may  be  patentable  even 
though  all  the  elements  are  old,  taken  separately,  or 
taken  in  any  combination  less  than  the  whole  number, 
so  long  as  the  elements  of  the  new  combination  are 
sufficiently  related  as  to  constitute  a  unity  in  their 
co-action  or  ultimate  result. 

A  new  use  of  an  old  device  or  machine  or  process 
may  be  patentable,  if  the  new  use  is  so  different  from 
the  old  use  as  not  to  be  obvious  to  an  ordinary  skilled 
workman  in  the  art. 
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PATENTS   POSSIBLE    IN    THE   NEW   DEVELOPMENT 

7     Theoretically,    in    our   new   development,    there   were   seven 
different  classes  of  patents  which  could  be  obtained. 


a^  a 


Fig.  3    Doe's  New  Last 

a  A  patent  on  the  last  having  a  toe  readily  detachable  from 

the  hinge. 
h  A  patent  or  patents  on  a  method  or  process,  or  procedure, 
or  series  or  succession  of  steps  or  operations  for  so  makmg 
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the  lasts  that  the  toe  and  heel  parts  would  be  inter- 
cliangcable,  and  that  when  any  two  of  tliem  were  fitted 
together  they  would  make  a  last  accurately  conforming 
in  shape  and  dimensions  to  the  model  required. 
c  A  patent  or  patents  on  machinery  for  practising  such  a 
method  or  process. 


Fig.  4    Old  Last  Lathe 


d  A  patent  on  a  blank  from  which  the  interchangeable  toes 

and  heels  were  to  be  made  by  such  method, 
e  A  patent  on  a  new  composition  of  matter  from  which  the 

lasts  could  be  made. 
/  A  patent  on  an  advantageous    method    or    procedure    of 

making  shoes  which  the  new  last  made  possible,   and 

which  will  be  later  explained. 
g  A  patent  on  a  combination  of  the  removable  toe  with  an 

expansible  leg  in  a  shoe  dressing  and  ironing  machine. 

8     The  first  task  to  which  the  inventor  of  the  new  development 

(John  Doe,  as  we  shall  call  him  for  the  purpose  of  this  paper)  set 


EDWIN   J.    PRINDLE  1011 

himself  was,  therefore,  to  invent  a  last  consisting  of  a  toe  and  heel 
connected  by  a  hinge,  the  connection  between  the  toe  and  the  hinge 
being  of  such  a  nature  as  to  be  readily  detachable  when  desired, 
and  yet  the  whole  structure  be  rigid  and  strong  when  the  last  is  in 
pondition  for  use.     This  last  is  shown  in  Fig.  3. 

9  The  last,  briefly,  consists  of  a  toe  A  and  heel  B  connected 
by  a  hinge.  The  toe  has  two  studs  a'-  and  two  screws  a',  project- 
ing from  its  rear  face,  for  the  purpose  of  detachable  connection 
with  the  front  plate  a^  of  the  hinge,  the  said  plate  having  upper 
koy-hole  slots  a^  which  engage  the  studs  a^  and  lower  key- 
hole notches  a^  which  engage  the  screws  a*.  A  small  spring 
bolt  a^  is  also  mounted  in  the  rear  face  of  the  toe  to  engage  a  hole 
a^  in  the  plate  and  lock  the  plate  on  the  last  when  it  is  home  on  the 
studs.  A  plate  a'  extends  rearwardly  from  the  plate  o*  and  is  pivoted 
between  plates  a^°  and  a^"-  fastened  to  a  projection  a^^  of  a  drop 
forging  a^^  in  the  heel  B.  A  shoulder  a^*  on  the  rearwardly  projecting 
plate  a"  engages  a  shoulder  a^^  on  the  drop  forging,  when  the  last  is  in 
extended  position,  to  prevent  the  hinge  from  opening  too  far.  A 
locking  piece  a^^  is  pivoted  between  plates  a^"  and  a^^,  and  bears 
against  a  shoulder  on  the  plate  a^  to  keep  the  hinge  extended.  A 
spring  normally  tends  to  throw  the  locking  piece  into  locking  position. 
When  the  last  is  to  be  collapsed,  the  locking  piece  is  depressed  and 
held  down  until  the  collapsing  movement  causes  it  to  be  caught  by 
a  cam  surface  a^^  on  the  plate  a'-^,  after  which  the  unlocking  device 
can  be  withdrawn,  and  the  cam  surface  Avill  complete  the  depressing 
of  the  locking  piece  by  the  collapsing  movement.  A  projection 
a^'^  on  the  plate  a^^  is  caused  by  the  collapsing  movement,  to  push 
back  the  spring  bolt  a^,  so  that  the  last  is  not  only  collapsed,  but 
the  hinge  is  unlocked  from  the  toe,  and  the  toe  can  be  removed. 
The  forging  a^^  is  provided  with  a  flange  at  its  lower  end  to 
which  a  metal  heel  plate  a"  is  fastened,  so  that  the  heavy  opera- 
tions in  the  early  part  of  the  making  of  the  shoe  can  be  borne 
by  the  metal  parts  of  the  heel,  the  wood  being  insufficient  to 
stand  the  strains. 

10  Having  invented  the  last,  it  was  necessary  to  be  able  to  make 
it,  as  before  stated,  so  tliat  the  toes  and  heels  of  the  same  length 
and  width  should  be  absolute  duplicates,  and  interchangeable. 
Commercially,  it  was  necessary  to  be  able  to  mak(!  these  toes 
so  that  the}'  would  accurately  and  interchangeably  flt  heels 
in  a  perhaps  distant  shoe  factory,  made,  perhaps,  several  years 
before. 
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11  The  machinery  and  method  of  manufacture  of  hinged  lasts 
which  were  in  use  at  the  time  of  the  new  development  were  incapable 
of  making  interchangeable  last  parts.  Such  old  procedure  was  to 
make  a  model  last  which  met  the  approval  of  the  shoe  manufacturer 
and  then  to  duplicate  that  last  in  a  lathe,  variously  known  as  the 
Blanchard,  or  gun-stock,  or  last-turning  lathe.  Such  a  lathe  is 
illustrated  in  Fig.  4.  The  lathe  consists  essentially  of  a  station- 
ary frame  A  having  a  "swing  frame"  B  pivoted  thereto  at 
C.  The  swing  frame  has  headstock  spindles  and  dead  centers 
which  are  adapted  to  support  a  model  last  D  and  the  block  E,  from 
which  the  new  last  is  to  be  formed,  and  to  rotate  them  on  axes  in 


Fig.  5    Doe's  Blank  for  Making  Last  Toes 

line  with  each  other.  On  the  frame  A  are  journaled  a  model  wheel  or 
tracer  E  and  a  cutter  head  G  of  exactly  the  same  diameter  as  the 
model  wheel  and  describing  a  similar  surface  of  revolution.  The 
model  wheel  pivot  is  mounted  on  a  slide  (not  shown)  adapted  to 
move  forward  and  back  across  the  machine  on  an  upright  F^  that 
is  carried  by  a  slide  mounted  on  a  guide  A^  extending  lengthwise 
of  the  main  frame.  The  cutter  head  is  mounted  on  a  journal 
having  bearing  in  uprights  G^  carried  by  a  slide  G^  which  also 
travels  on  the  guide  A^. 

12  In  the  operation  of  the  lathe,  a  spring  or  the  weight  of 
the  swing  frame  normally  draws  the  swing  frame  towards  the 
main  frame  until  the  model  rests  against  the  model  wheel  or 
tracer.  As  the  model  revolves,  it  swings  the  swing  frame  back 
and  forth,  so  that  the  cutter  head  cuts  out  of  the  block,  or  blank, 
a  new  last  of  the  same  shape  as  the  old  one.  The  carriages  of  the 
model  wheel  and  cutter  head  are  caused  slowly  to  travel  lengthwise 
of  the  main  frame  so  that  all  parts  of  the  model  surface  are  pre- 
sented to  the  model  wheel  and  the  corresponding  parts  of  the 
new  last  are  shaped. 
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13  The  action  of  the  lathe  is  as  though  the  tracer  or  model 
wheel  moves,  while  the  swing  frame  remains  still  the  model  revolving 
on  its  axis,  however,  and  the  cutter  controlled  by  and  moving  in 
unison  with  the  tracer,  duplicates  the  shape  of  the  model  in  the 
block.  The  model  is  a  cam,  controlling  the  cutter  through  the 
tracer,  or  model  wheel. 

14  By  means  of  certain  grading  mechanism  (not  shown),  the 
model  wheel  carriage  F^  may  be  moved  in  and  out,  proportionately, 
as  the  swing  frame  moves,  so  that  a  wider  or  narrower  last  will  be 
formed  than  the  model.  By  means  of  certain  other  mechanism 
(not  shown),  the  proportionate  travel  of  the  main  carriages  F^ 
and  CP  may  be  varied  so  that  a  longer  or  a  shorter  last  will  be  formed. 
It  will  be  seen  that  the  new  last  is  formed  in  a  single  piece  from  toe 
to  heel,  and  in  practice  a  "nub,"  or  unfinished  portion,  is  left  at 
the  toe  and  heel  where  the  chuck  and  dead-center  support  the  wood. 

15  The  old  procedure  of  making  hinged  lasts  was  to  make 
duplicates  of  the  model  of  a  single  piece  of  wood  from  toe  to  heel, 
as  though  an  old  solid  last  were  going  to  be  made,  antl  then  to  saw 
up  this  one-piece  last  into  a  toe  and  a  heel  and  fasten  these  parts  to  a 
hinge.  Of  course,  the  toe  and  heel  which  were  sawed  apart  would 
always  fit  together,  because  they  were  originally  parts  of  the  same 
last.  As,  however,  a  last  has  no  straight  lines  and  no  corners  to 
measure  from  or  gage  by,  and  is  wholly  composed  of  irregular  curved 
surfaces  and  lines,  it  is  impracticable,  as  a  commercial  proposition, 
to  saw  up  whole  lasts  so  that  the  toes  and  heel  will  be  interchangeable. 

16  Our  inventor,  Doe,  solved  the  problem  in  the  following 
manner.  He  conceived  the  idea  of  providing  the  model  headstock 
of  the  old  spindle  last-turning  lathe  with  a  face  plate  against  which 
the  rear  face  of  the  model  toe  part  could  be  held,  and  providing  the 
headstock  spindle  for  holding  the  rough  block  out  of  which  the  new 
part  was  to  be  made,  with  a  face  plate  parallel  to  the  mod*'!  face 
plate.  He  then  made  a  blank,  as  shown  in  Fig.  5,  which  consisted 
of  a  block  of  wood  having  a  dressed  end,  which  is  to  form  a  rear 
face  of  the  new  toe  part,  and  having  studs  and  screws  fastened  in  it, 
precisely  like  the  model  toe.  In  order  to  hold  the  model  toe  and  the 
blank  against  their  face  plates,  Doe  provided  chucks  which  are 
shown  in  Fig.  6.  These  chucks  consist  of  a  spindle  h  having  a  face 
plate  /i^"  and  having  cylindrical  plugs  (see  lower  right-hand  corner 
Fig.  6)  journaled  in  the  head  of  the  chuck.  The  plugs  have  undercut 
recesses  h^  which  are  adapted  to  receive  the  heads  of  the  studs  and 
screws  on  the  toes.     The  plugs  have  collars  on  their  shanks  which 
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engage  notches  in  the  corners  of  a  plate  Ji^'^,  the  latter  having  a  shank 
h^^  pivoted  to  a  screw-rod  A"  wliich  can  be  moved  back  and  forth  by 
a  hand  wheel  lO-^.  In  the  operation  of  the  chucks,  the  plugs  being  in 
their  forward  position  and  their  undercut  slots  exposed,  the  studs 
and  screws  on  the  toe  or  blank  are  engaged  with  the  undercut  slots. 


A.^  VJ'  /J*' 


;?%  V 


.f     /^/ 


^" 


Fig.  0    Doe's  Chttck  for  Toes 


and  then  the  plate  W,  and  plugs,  being  drawai  rearward,  draw  the 

studs  rearward,  thus  draAving  the  toe  or  blank  against  the  face  plate. 

17     Figs.  7  and  8   show  a  last-turning  lathe  which  is  the  same 

in  principle  as  that  shown  in  Fig.  4,  but  having  Doe's  chucks  U  and 
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H^  mounted  in  the  headstocks  of  the  swing  frame  K.     The  swing 
frame  is  like  that  of  the  lathe  of  Fig.  4. 

18  In  Doe's  method,  the  rear  faces  of  the  model  toe  and  the 
toe  being  formed  arc  always  parallel,  and,  as  the  foot-shaped  contour 
is  formed  on  the  blank  parallel  to  the  foot-shaped  contour  on  the 
model,  the  foot-shaped  contours  of  the  model  toe  and  the  new  toe 
bear  the  same  relation  to  their  rear  surfaces,  and  these  toes  are, 


Figs.  7  and  8    Lathe  Having  Doe's  Chuck  Applied  and  Practising  Doe's 
Method  of  Turning  Last  Toes 


therefore  interchangeable.  Incidentally,  Doe  also  finishes  the 
entire  tip  of  the  new  toe  by  the  macliine,  and  saves  the  cost  of  doing 
it  by  hand-labor,  as  required  by  the  old  process,  a  cost  nearly  as 
great  as  that  of  turning  the  entire  remainder  of  the  last.  Figs.  9 
and  9a  are  photographs  of  Doe's  lathe  practising  his  method  of 
turning  last  parts, 

19  Doe's  method,  then,  consisted  in  forming  a  finished  or  standard 
surface  on  the  rear  end  of  his  blank,  corresponding  to  the  rear  surface 
of  the  model  toe,  and  then,  so  mounting  the  toe  and  blank  in  the 
lathe  that  these  rear  surfaces  shall  always  be  parallel  to  each  other, 
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and  forming  a  foot-shaped  contour  on  the  blank  by  a  cutter  guided 
by  the  foot-shaped  contour  on  the  model  toe.  This  method  or 
procedure  was  patentable  under  the  statutory  head  of  "arts,"  and 
we  shall  see  later  exactly  how  it  was  protected. 


Fig.  !)     Doe's  Actual  Lathe 


20  It  was  necessary  for  Doe  to  make  certain  improvements  in 
the  grading  mechanism  of  the  lathe,  whereby  the  new  toe  could 
be  made  longer  or  shorter,  or  wider  or  narrower,  than  the  model 
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toe,  because  with  the  grading  mechanism  of  the  old  lathe,  he  could 
not  foretell  with  exactness  the  length  of  the  new  toe  which  would 
be  produced,  as  he  must  be  able  to  do  if  it  were  going  to  bear  only 
its  proportionate  part  of  the  length  of  the  last,  to  make  a  last  of 


Fig.  9a    Doe's  Lathe  Showing  the  Practising  of  His  Method 

exactly  the  right  length  when  placed  on  a  heel.     These  improvements 

in  the  lathe  were  patentable  under  the  statutory  head  of  "machines." 

21     The  blank  shown  in  Fig.  5,  in  which  the  toe  was  to  be  made 
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was  patented  under  the  statutory  head  of  articles  of  manufacture. 
If  Doe  had  been  able  to  dis(!Over  a  composition  of  matter  which  is 
as  strong  as  the  rock  maple,  from  which  lasts  are  universally  made, 
but  which  does  not  have  the  flisadvantage  of  shrinking  and  swelling 
with  the  variations  of  humidity,  he  could  have  patented  this  com- 
position under  the  statutory  head  of  compositions  of  matter. 

22  In  the  manufacture  of  shoes,  the  parts  of  a  shoe  are  built 
around  the  last,  and  the  operations  which  cause  severe  strain  on 
the  last,  such  as  the  operations  of  drawing  the  upper  around  the  last, 
or  "lasting,"  rolling  the  sole  to  shape  it  to  the  last  or  "sole  leveling," 
and  driving  the  heel  on  to  the  last  (the  heel  being  made  separately 
and  fastened  on  all  at  one  operation)  or  "heeling,"  all  occur  during 


i^ 


Fig.  10    Doe's  Light  Heel  for  his  Last 


the  first  few  hours  of  making  the  shoe,  while  subsequent  operations 
and  the  drying  of  the  shoe  on  the  last  (which  is  done  with  every 
good  shoe)  take  much  longer.  As  the  shoe  is  built  around  the  last, 
it  is  desirable  that  it  should  dry  on  the  original  toe  upon  which  it  is 
built,  since  it  is  impossible  to  take  that  toe  out  and  put  another  toe 
in  and  have  the  new  toe  fit  perfectly  into  the  shoe.  Doe,  therefore, 
wanted  to  leave  his  toe  in  the  shoe  throughout  its  manufacture, 
but  conceived  that,  since  his  heel  was  heavy  and  somewhat  expen- 
sive, to  make  it  strong,  if  he  could  take  his  heavy  heel  out  of  the 
last  when  the  heavy  operations  were  over  and  put  in  a  lighter, 
cheaper  heel,  this  would  enable  the  expensive,  heavy  heel  to  go 
back  and  begin  at  once  the  manufacture  of  a  new  shoe,  thus  reducing 
the  number  of  heavy  heels  which  a  manufacturer  would  need  and 
also  saving  the  workmen  the  effort  of  handling  the  shoes  with  the 
heavy  heels  in  them 
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23  Doe,  therefore,  invented  a  lisht  heel  shown  in  Fig.  10.  The 
hinge  consisted  of  a  front  plate  b  adapted  to  engage  the  studs  and 
screws  on  the  toe,  a  rear  plate  &'  hinged  to  the  front  plate  and  adapted 
to  be  screwed  to  the  wooden  heel  B.  A  locking  piece  b^  is  pivoted 
to  the  rear  hinge  plate  and  is  adapted  to  engage  a  hook  b^  on  the. 
front  hinge  plate  when  the  last  is  extended  and  to  be  flattened  down 
out  of  the  way  when  the  last  is  collapsed.  The  collapsing  of  the 
last  shortens  it  enough  to  allow  room  in  the  shoe  for  engagement  or 
disengagement  of  either  hinge  with  the  studs  and  screws  on  the  toe. 

24  Doe  was,  therefore,  able  to  collapse  the  heavy  heel  and 
disengage  it  from  the  toe  and  withdraw  it  from  the  shoe,  and  to 
insert  the  light  heel  Avith  its  hinge  collapsed,  engage  the  hinge 
with  the  studs  and  screws  of  the  toe,  and  s-wing  the  light  heel  into 
normal,  extended  position  without  disturbing  the  toe  in  the  shoe. 

25  Doe  patented  both  the  combination  of  the  single  toe  with 
the  light  and  heavy  heels,  and  the  method  of  making  shoes  which 
consists  in  starting  the  manufacture  with  a  toe  and  a  heavy  heel, 
and  then,  after  the  heavy  operations  on  the  shoe  are  over,  removing 
the  heavy  heel  and  substituting  the  light  heel,  and  continuing  the 
manufacture  of  the  shoe. 

26  In  the  manufacture  of  shoes,  as  practised  before  Doe's  inven- 
tion, finer  grades  of  shoes  were  placed  upon  a  form  consisting  of  a 
foot  and  a  leg  on  which  they  were  dressed  and  ironed,  as  the  last 
step  before  going  into  the  boxes  for  shipment.  As  Doe  had  made 
his  toe  removable  from  the  hinge,  he  invented  a  leg  to  which  it 
could  be  attached,  and  that,  without  disturbing  the  position  of  the 
toe  in  the  shoe,  so  that  he  not  only  saved  the  expense  of  the  special 
toes  for  this  ironing  operation,  but  the  labor  of  replacing  the  last 
by  the  special  toe,  and  he  thus  made  it  possible  to  conduct  the 
manufacture  of  the  shoe,  from  beginning  to  end,  upon  a  single  toe 
around  which  the  shoe  was  built  and  which  was  never  disturbed, 
the  manufacture  starting  with  a  heavy  heel  which  was  later  replaced 
by  the  lighter  heel,  and  that  later  replaced  by  the  expansible  leg 
of  the  machine  upon  which  the  shoe  was  ironed.  The  combination 
of  the  heel  and  leg  with  a  toe  adapted  to  be  attached  to  either  of 
them,  was  patentable. 

27  As  in  all  developments,  the  last  and  machinery  went  through 
more  or  less  evolution,  usually  more,  and  a  system  and  special 
machines  were  invented  to  prepare  both  the  toe  and  heel  blanks  to 
fit  the  hinges  so  that  they  might  be  given  their  foot-shaped  contour  in 
accordance  with  the  method  which  Doe  had  invented.     It  is  unneces- 
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sary  to  describe  any  of  these  evolutions  and  machines,  as  what  has 
been  described  is  sufficient  for  the  purpose  of  an  illustration,  both 
of  the  method  of  producing  such  a  commercial  development  and 
of  the  types  of  inventions  which  can  be  protected. 

THE    NATURE    OF    A    PATENT 

28  Having  now  sketched  the  development,  I  wish  to  explain 
how  it  was  protected  by  patents,  and  for  the  purpose  of  doing  so, 
shall  endeavor  first  to  explain  the  nature  of  a  patent. 

29  The  law  provides  for  the  granting  of  patents  only  to  actual 
inventors  and  requires,  as  the  price  of  the  patent,  that  the  inventor 
shall  describe  his  invention  so  fully  that  anyone  skilled  in  the  art 


,fi-.-i-"- 


Fig.  11     Turret  Lathe 

can  make  and  use  the  invention  after  the  patent  has  expired,  the 
law  giving  the  inventor,  in  compensation,  an  absolute  right  for  a 
period  of  17  years  to  forbid  all  others  from  making,  using  or  selling 
the  invention.  As  every  invention  is  an  evolution  from  ideas  which 
preceded  the  inventor's  conception,  occasionally  being  the  last  step 
of  a  series  of  improvements  extending  through  centuries,  some,  and 
often  much,  of  the  structure  or  procedure  which  the  inventor  dis- 
closes is  not  his  own  invention,  but  is  the  foundation  upon  which  he 
has  built  or  from  which  he  evolved  his  invention. 

30  In  order  that  the  public  may  know  what  it  is  free  to  do, 
and  in  order  that  the  courts  may  know  when  an  invention  has  been 
used  by  others,  the  law  requires  the  inventor  to  point  out  the  part, 
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improvement  or  combination,  which  the  inventor  regards  as  his 
invention  or  discovery.  The  necessity  for  this  has  developed  the 
practice  of  requiring  the  inventor  to  make  one  or  more  series  of 
short,  terse  statements  or  descriptions  of  what  he  regards  as  his 
invention,  at  the  close  of  his  detailed  description,  these  statements 
being  technically  known  as  claims. 

THE    NATURE    OF   A    CLAIM 

31  A  claim  is  the  measure  of  the  monopoly  granted  by  the 
patent,  and  it  is  vital,  therefore,  that  it  be  skilfully  drawn;  for 
most  inventions  are  an  "idea  of  means"  embodied  in  a  particular 
form,  and  many  clever  mechanics  could  get  the  same  result  by 


Fig.  12    Lathe  witiioft  Turret 

changing  the  form  of  embodiment  without  changing  the  principle 
of  the  invention,  or  the  idea  of  means.  It  is  therefore  very  desirable 
that  the  monopoly  granted  by  the  claims  shall  be  broad  or  compre- 
hensive enough  to  include  all  possible  changes  of  embodiment 
which  do  not  involve  a  change  in  the  idea  of  means. 

32  For  the  purpose  of  illustrating  the  nature  of  a  claim,  I  shall 
deviate  temporarily  from  our  example  of  a  commercial  development, 
using  certain  machine  tools  for  the  purpose  of  illustration,  as  they 
are  a  more  convenient  form  of  illustration  for  this  particular  point. 

33  We  will  suppose  our  inventor,  John  Doe,  to  have  invented  the 
first  turret  lathe.     Doe  might  have  claimed  his  invention  as  follows: 

1  claim  a  machine  tool  consisting  of  the  combination  of  a  bed  having  ways, 
a  headstock  on  said  bed,  a  spindle  journaled  in  said  headstock,  a  chuck  on 
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said  spindle,  a  slide  mounted  on  said  ways,  a  turret  revolubly  mounted  on  said 
slide,  a  series  of  tools  mounted  in  said  turret,  a  rack  on  said  slide,  a  pinion  jour- 
naled  on  said  bed  and  engaging  said  rack,  and  a  hand  wheel  for  turning  said 
pinion,  whereby  a  piece  of  work  may  be  secured  in  and  revolved  by  said  chuck, 
whereby  said  turret  and  tools  may  be  advanced  against  and  retracted  from  the 
work,  and  whereby  said  turret  may  be  turned  to  bring  its  various  tools  into 
cutting  position. 

34  Suppose,  now,  that  Doe's  turret  lathe  was  the  first  machine 
ever  invented  in  which  the  work  was  revolved,  and  a  tool  mechan- 
ically held  on  a  slide  was  moved  against  the  work.     Suppose  that 


Fig.  13     Boring  Mill 


after  Doe's  invention,  the  lathe  without  a  turret,  the  boring  mill, 
the  pipe-threading  and  cutting  machine  and  the  locomotive  tire- 
boring  machine  were  invented.  It  is  apparent  that,  at  least  in  a 
general  way,  these  tools  work  on  the  same  principle  as  Doe's  turret 
lathe.  In  Figs.  11-15  I  have  illustrated  the  five  types  of  machines 
to  which  I  have  referred,  and  have  shown  in  full  lines  in  each  machine 
the  revolving  work  holder  (such  as  the  headspindle  of  the  lathes, 
the  table  of  the  boring  machine,  etc.),  the  tool  carriage,  and  the 
guides  on  which  the  tool  carriage  is  mounted,  these  being  the  essential 
features  of  Doe's  invention  and  being  features  which  are  found  in 
every  one  of  the  five  types  of  machines.     The  features,  other  than 
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the  essential  features,  which  (hffer  in  the  various  machines  are 
iUustrated  in  phantom  lines.  It  will  be  seen  that  although  all  of  the 
four  machines  following  Doe's  invention  use  the  basic  idea  embodied 
in  his  machine,  none  of  these  machines  answers  to  the  description 
of  his  invention  which  he  made  in  his  claim.  For  instance,  none  of 
them  has  the  turret,  and  most  of  them  lack  other  elements  of  his 
claim.  The  courts  vnW  not  permit  an  inventor  to  enjoin  the  use  of  a 
machine  which  omits  an  element  of  his  claim.  If  the  inventor 
describes  his  invention  in  a  claim  consisting  of  six  elements,  and 
some  one  else  finds  that  he  can  accomplish  the  same  results  by 


Fig.  14    Mill  for  Boring  Locomotive  Tires 

the  use  of  five  elements,  the  courts  vnW  not  ordinarily  hold  the  latter 
machine  to  be  an  infringement  of  the  claim.     The  inventor  is  bound 
by  his  statement  of  his  invention  to  the  extent  at  least  that  one  who 
uses  less  elements' than  the  claim  states  does  not  infringe. 
85     If,  however.  Doe  had  made  his  claim  read: 

I  claim  a  machine  consisting  of  the  combination  of  a  frame,  means  mounted 
on  said  frame  for  revolving  a  piece  of  work,  guides  on  said  frame  and  extending 
toward  the  position  of  the  work,  a  part  mounted  on  said  guides,  and  a  tool  on 
said  part,  whereby  said  tool  may  be  held  against  and  guided  along  the  said  work 
for  cutting  the  same. 
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he  would  have  described  his  invention  as  truly  as  his  more  prolix 
claim  including  the  turret,  and  yet  he  would  have  stated  his  inven- 
tion so  broadly  that  his  claim  would  have  described  each  one  of  the 
four  subsequent  machines  quite  as  correctly  as  his  own  machine, 
for  the  claim  would  only  be  descriptive  of  the  full-line  parts  of  the 
five  figures. 

30  It  will  thus  be  seen  that  every  invention  is,  so  to  speak, 
a  soul  incarnated  in  a  body,  and  that  the  form  of  embodiment  can 
usually  be  changed,  and  frequently  infinitely  varied  without  altering 
the  nature  of  the  soul.  A  further  illustration  would  be  to  suppose, 
without  irreverence,  that  some  one  invented  the  first  animal  having 
a  vertebrated  skeleton.  All  subsequent  vertebrates  would  be 
embodiments  of  his   invention,   no  matter  how  much  more  liighly 


ix^ 


Fig.  15    Pipe  Cutting  Machine 

developed  they  might  be  or  liow  mucii  a(Ia]:)t(Hl  for  different  condi- 
tions of  life,  such  as  in  water,  or  in  the  air,  whil(>  the  first  vertebrate 
was  adapted  only  for  life  on  land. 

37  It  will  thus  be  seen  how  vital  it  is  that  the  one  drafting  the 
claim  should  be  able  to  determine  what  is  the  soul  of  the  invention, 
and  to  distinguish  it  from  unessential  details  of  the  particular  form 
of  embodiment,  and  to  express  in  the  claim  only  the  characteristics 
of  that  soul.  It  is  also  apparent  that  the  less  a  claim  says,  the  greater 
the  monopoly  granted  by  it. 

PATENTING    DOE's   METHOD    OF   TURNING    LASTS 

38  In  analyzing  the  Doe  method  of  turning  lasts,  for  the  purpose 
of  drafting  the  claim,  it  was  seen  that  there  were  essentially  two 
steps:  one,  the  forming  of  the  rear,  abutting,  geometrical  or  hinge- 
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attaching  surface  on  the  toe  part;  and  the  other,  the  forming  of  the 
foot-shaped  contour.  Doe  first  forms  the  geometrical  surface  and 
afterwards  forms  the  foot-shaped  contour.  The  old  method  of 
forming  the  hinge  last  was  first  to  form  the  foot-shaped  contour  and 
afterwards  form  the  geometrical  surface.  It  would  appear,  there- 
fore, at  first  blush,  that  all  Doe  needed  to  protect  him  was  a  claim 
for  the  method  of  forming  last  parts  which  consists  in  first  forming 
a  geometrical  or  hinge-attaching  surface  on  the  blank,  and  then  so 
supportiP!;-  the  model  and  the  blank  in  the  lathe  that  their 
corresponding  geometrical  surfaces  should  be  parallel,  and,  finally, 
forming  the  foot-shaped  contour  on  the  blank  by  a  cutter  guided 
from  the  model.  This  would  differentiate  his  invention  from  the 
prior  art  and  would,  apparently,  protect  its  essence. 

39  Doe  was  apprehensive,  however,  that  some  other  way  of 
making  interchangeable  last  parts  was  possible  than  the  one  he 
had  invented,  and  which  would  not  be  described  by  the  proposed 
claim.  Doe,  therefore,  analyzed  the  problem  as  follows:  Any 
method  of  making  a  toe  must  consist  of  two  steps,  the  forming  of 
the  geon^etrical  surface,  which  we  \^^ll  call  step  A,  and  the  forming 
of  the  foot-shaped  contour,  which  we  shall  call  step  B.  There  are 
only  three  possible  combinations  or  arrangements  of  these  steps. 
A  followed  by  B,  B  followed  by  A,  and  both  steps  together.  This 
showed  that  all  possible  processes  of  making  these  last  parts  by 
cutting  must  fall  within  three  generic  classes,  however  they  might 
differ  as  to  details.  Doe's  method  which  he  had  already  invented 
is  an  embodiment  of  the  first  type.  The  old  prior  art  which  could 
not  i^roduce  the  last  parts  interchangeable  is  an  embodiment  of  the 
second  type.  If,  therefore.  Doe  could  invent  an  embodiment  of 
the  third  type,  he  could  absolutely  monopolize  all  commercial 
methods  of  making  the  interchangeable  last  parts.  He,  therefore, 
set  himself  to  invent  an  embodiment  of  the  third  type. 

40  I  will  not  cumber  the  paper  by  describing  Doe's  embodiment 
of  the  third  tj^De  in  detail  with  drawings,  but  will  give  simply  a 
brief  verbal  description  of  it. 

41  Doe  arranged  the  face  plate  which  supported  the  geometrical 
surface  on  the  rear  of  the  model  toe  so  that  that  surface  would  be 
perpendicular  to  the  axis  of  the  spindle  on  which  it  revolves  in  the 
lathe.  He  then  mounted  the  blank  in  any  convenient  way  in  the 
lathe  and  turned  the  foot-shaped  contour  in  the  usual  way,  by  a 
cutter  guided  from  the  contour  of  the  model,  and  then  acted  on  the 
rear  surface  of  the  blank  simply  by  running  the  cutter  head  straigh^ 
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inwards  toward  the  axis  of  revolution.  This  formed  the  rear  surface 
of  the  new  toe  perpendicular  to  the  axis  of  revolution  and  parallel 
to  the  similar  surface  on  the  model  toe.  While  the  new  toe  was 
supported  on  centres,  Doe  drilled  holes  where  the  screws  were  to  go, 
and  by  means  of  these  holes  and  the  partially  formed  rear  surface, 
he  could  place  the  toe,  first  in  a  machine  for  removing  the  nub 
where  the  centre  supported  the  toe  on  its  rear  end  and  then  in  a 
machine  for  forming  holes  to  receive  the  plug  carrying  the  studs. 
The  same  principle  was  applicable  to  the  forming  of  a  heel. 

42  This  second,  or  alternative  method,  which  Doe  had  thus 
invented  might  be  commercially  undesirable,  but  so  long  as  it  was 
physically  possible  to  form  interchangeable  last  parts  by  means 
of  it,  it  was  sufficiently  an  invention  to  make  the  basis  of  a  valid 
patent  and  give  Doe  the  second  monopoly  which  he  sought,  namely, 
one  to  protect  the  third  type,  in  which  both  steps  were  performed 
together. 

43  Doe  now  set  to  work  to  see  if  he  could  not  find  a  principle 
common  to  both  of  his  types  of  method,  and,  if  found,  to  draw  for  it. 
The  result  was  the  following  claim: 

The  method  of  forming  last  parts,  which  consists  in  providing  a  model  having 
a  toe  and  heel  part,  each  having  a  reguhxr  surface,  said  surfaces  having  a  definite 
geometrical  relation  to  each  other  in  the  complete  last,  preparing  a  last  part  by 
providing  a  block  with  a  regular  surface,  and  turning  a  foot-shaped  surface 
thereon  by  a  cutter  guided  from  the  foot-shaped  surface  of  the  model,  the  cutter 
which  last  performs  its  operation  on  the  block  moving  in  a  path  having  the  same 
relation  to  the  axis  of  revolution  of  the  block  as  the  corresponding  surface  of 
the  model  bore  to  its  axis  of  revolution. 

44  This  claim  does  not  state  whether  the  geometrical  or  regular 
surface  is  formed  before  the  foot-shaped  contour,  or  after.  It 
correctly  describes  any  process  in  which  one  of  the  two  surfaces 
on  the  new  toe  is  formed  and  then  the  other  of  those  surfaces  is 
formed,  while  the  first  surface,  be  it  geometrical  or  foot-shaped 
contour,  is  held  parallel  to  the  corresponding  surface  on  the  model. 
This,  then,  is  an  essence  or  soul  common  to  both  the  Doe  methods, 
and  the  single  claim  protects  them  both.  The  effect  of  Doe's  final 
claim  was  to  reduce  his  two  methods  from  independent  genuses  to 
species  of  a  single  genus. 

INFRINGEMENT 

45  We  will  now  consider  how  a  court  applies  a  patent  as  a 
practical  matter  in  a  suit  for  the  infringement  of  it,  by  the  making, 
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using  or  selling  of  an  article  which  the  patentee  complains  of  as 
embod3'ing  the  patented  invention.  If  the  competing  device  was 
a  cop3^  of  the  patented  device,  there  would  be  no  difficulty  in  reaching 
a  decision.  But  those  who  seek  to  evade  a  patent  seldom  make 
Chinese  copies  of  the  patented  device. 

46  Suppose,  then,  for  the  purpose  of  illustration,  that  Doe  had 
not  foreseen  the  possibility  of  the  third  type  of  method  of  forming 
his  toes  and  had  not  drafted  his  claim  as  broadly  as  the  one  quoted, 
but  had  drawn  the  follo\\ing  claim: 


Fio.  IG    The  CoMi'ETiToit'.s  Attempt  to  Evade  Doe's  Claim  for  his  Methods 

OF  Turning  Lasts 


The  method  of  forming  last  parts  whicli  consists  in  forming  a  geometrical 
surface  on  the  blank  corresponding  to  a  geometrical  surface  on  the  model,  so 
supporting  the  blank  and  the  model  in  the  lathe  that  such  surfaces  shall  be 
parallel,  and  then  forming  the  foot-shaped  contour  on  the  blank  by  a  cutter 
guided  from  the  model. 

47  Suppose,  now,  a  competitor  then  sought  to  evade  the  patent  in 
the  manner  indicated  in  Fig.  16,  that  is,  by  forming  a  model  M, 
consisting  of  two  toes  put  butt  to  butt  and  turning  a  double  blank 
A'^  by  a  cutter  0  which  is  controlled  from  the  model  wheel  P  in  the 
ordinary  manner.     Suppose  the  competitor  mounted  the  blank  upon 
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two  centers  Q  and  R,  on  a  sawing  machine  having  a  circular  saw  S 
mounted  on  a  carriage  T  traveling  between  guides,  the  saw  being 
so  placed  with  reference  to  the  centres  that  it  would  saw  the  blank 
on  a  plane  n  exactly  corresponding  to  the  plane  m  of  the  model, 
thus  making  two  toes  in  which  the  geometrical  surfaces  bear  exactly 
the  same  relations  to  the  foot-shaped  contours  as  in  the  model. 

48  This  method  of  the  competitor  would  avoid  the  narrower 
claim  of  Doe  just  quoted  above,  but  would  clearly  infringe  the  broad 
claim  first  recited.  Under  our  present  supposition  (that  Doe  had  not 
discovered  the  possibility  of  the  third  type  of  method  and  had 
not  drawn  a  claim  broad  enough  to  cover  both  types)  he  would  be 
in  the  unfortunate  position  of  having  somebody  utilize  his  dis- 
covery as  a  basis  for  doing  the  same  thing  in  a  different  way  and 
escaping  his  claim,  and  yet  really  using  his  invention  after  all. 

THE  DOCTRINE  OF  EQUIVALENTS 

49  This  is  a  situation  which  has  frequently  arisen  in  the  courts, 
and  the  inequity  of  it  has  appealed  to  their  sympathy.  Claims 
are  frequently  unskillfully  drawn,  and  the  courts,  in  order  to  afford 
relief  in  meritorious  cases,  adopted  what  is  known  as  the  doctrine 
of  equivalents,  under  which  it  is  held  that  a  patentee  is  not  only 
entitled  to  what  he  claims,  but  to  every  equivalent  of  it.  An  equiv- 
alent is  defined  to  be  that  which  performs  the  same  function  in 
substantially  the  same  way.  This  phrase,  "substantially  the  same 
way,"  is  indefinite  and  permits  the  court  to  do  what  it  conceives  to 
be  equity  in  any  particular  case.  If  the  invention  is  one  of  decided 
novelty  and  of  great  service  to  the  public,  the  courts  will  hold  almost 
anything  which  performs  the  same  function  as  the  patented  element 
or  combination  to  be  an  equivalent.  If,  however,  the  margin  of 
novelty  is  small,  the  courts  will  require  the  elements  or  combinations 
to  be  almost  identical  with  that  specified  by  the  claim  to  be  an 
equivalent. 

50  In  the  present  instance,  it  would  be  argued  that  the  essence, 
or  soul,  of  Doe's  invention  consisted  in  forming  a  regular  surface 
on  the  blank  for  the  new  toe  and  turning  a  foot-shaped  surface  there- 
on by  a  cutter  guided  from  the  foot-shaped  surface  of  the  model, 
the  sole  essential  condition  being  that,  whichever  cutter  last  performs 
its  operation  on  the  block  shall  move  in  a  path  having  the  same 
relation  to  the  axis  of  revolution  of  the  block  as  the  corresponding 
surface  on  the  model  bore  to  its  axis  of  revolution.     It  will  be  observed 
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that  the  competitor  carefully  preserved  the  location  of  the  axis 
of  revohition  in  the  block  by  preserving  the  centres  and  using  the 
centres  to  position  the  block,  so  that  the  saw  in  forming  the  surface 
n  moved  in  a  path  having  the  same  relation  to  the  axis  of  revolution 
of  the  block  as  the  surface  m  of  the  model  bore  to  its  axis  of  revolu- 
tion. This  is  the  very  condition,  the  lack  of  which  made  inter- 
changeable last  parts  an  impossibility  by  the  prior  art.  For,  in 
the  old  method  the  ends  of  the  toe  and  heel  were  finished  before  the 
last  was  sawed  to  divide  it  into  the  toe  and  heel,  and  this  finish- 
ing of  the  toe  and  heel  destroyed  the  centres,  so  that  the  saw- 
ing was  done  by  eye  or  guess-work. 

51  It  would  be  entirely  in  accordance  with  many  previous 
decisions  for  the  court  to  hold  that  Doe,  having  made  an  invention 
of  decided  novelty  and  commercial  value,  was  entitled  to  a  broad 
range  of  equivalents,  and  that  although  his  claim  was  limited  to 
the  particular  procedure  by  which  he  had  illustrated  his  invention, 
namely,  to  forming  first  the  geometrical  surface  and  afterwards 
the  foot-shaped  contour,  still  the  competitor's  way  accomplished 
substantially  the  same  result  in  substantially  the  same  way,  because 
it  utilized  the  essential  condition  above  pointed  out,  and  therefore, 
what  the  competitor  did  came  within  the  monopoly  granted  by  the 
patent  and  should  be  enjoined. 

DEFENCES   TO    AN    INFRINGEMENT   SUIT 

52  It  would  be  open  to  the  competitor  to  show  that  the  patent 
to  Doe  was  invalid  for  any  one  of  a  number  of  reasons.  For  instance, 
if  the  competitor  could  show  that  the  invention  was  known  or 
used  by  others  in  this  country  before  the  patentee  invented  it, 
the  patent  would  be  held  to  be  invalid.  If,  however,  as  actually 
happened  in  the  present  instance.  Doe's  counsel,  on  cross-examining 
the  competitor's  witnesses,  should  show  that  the  use  of  the  invention 
before  Doe's  invention  of  it,  was  in  secret,  and  only  the  necessary 
employees  of  the  competitor  were  allowed  to  see  it,  and  precautions 
were  taken  to  preserve  the  knowledge  of  the  method  from  the  public, 
then  the  prior  use  would  not  be  held  to  invalidate  the  later  patent 
granted  to  Doe.  The  reason  is  that  the  object  of  the  patent  law 
is  to  induce  inventors  to  give  the  public  a  knowledge  of  their  inven- 
tions, so  that  the  public  may  use  the  inventions  after  the  patents  are 
dead,  and  if  a  person  keeps  an  invention  secret,  the  public  does 
not  then  get  any  benefit  of  it,  and  might  never  get  any  benefit  of  it. 
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since  the  knowledge  may  die  with  those  possessing  it.  Therefore, 
the  courts  will  not  invalidate  a  patent  to  a  subsequent  original 
inventor  because  of  an  earlier  secret  use.  If  the  competitor  could 
show  that  the  invention  was  in  public  use,  or  described  in  a  printed 
publication  for  more  than  two  years  before  Doe  filed  his  application, 
no  matter  if  it  all  occurred  after  Doe  made  the  invention,  and  was 
Doe's  own  public  use  of  the  invention,  or  printed  description  of 
it,  his  patent  would  be  held  to  be  invalid.  There  are  other 
defences  which  the  competitor  might  raise,  but  these  are  the 
principal  ones. 

53  A  patent,  being  a  puljlic  grant,  is  presumed  to  be  valid, 
and  only  the  strictest  proof  of  one  of  the  defences  will  enable  it 
to  prevail  against  the  patent. 

CONTESTS    BETWEEN    RIVAL    CLAIMANTS    TO    AN    INVENTION 

54  Without  previously  stating  the  principles  by  which  contests 
between  rival  claimants  to  an  invention  are  decided,  I  will  illustrate 
them  by  a  contest  which  occurred  in  the  present  development. 

55  Doe  conceived  of  his  method  of  forming  interchangeable 
toe  parts,  and  filed  his  application  for  patent  in  the  month,  let  us 
say,  of  June.  He  filed  his  application  for  patent  without  previously 
trying  the  method,  or  actually  practising  it,  by  the  use  of  machinery. 
An  interference,  or  contest,  was  declared  between  Doe's  application 
for  patent  and  an  application  of  another  party,  whom  we  will  call 
Richard  Roe,  which  was  filed  in  May.  Roe,  being  the  first  to  file 
his  application,  was  presumed  to  be  the  first  inventor,  and  the 
burden  of  proving  he  was  not  the  first  rested  on  all  later  comers, 
including  Doe.  While  testimony  was  being  taken  in  this  inter- 
ference, it  was  interrupted  and  re-declared,  adding  a  third  party, 
whom  we  will  call  John  Mark,  and  whose  application  for  patent  was 
filed  in  November.  It  developed  that  Mark  had  filed  an  application 
for  patent  the  previous  year,  and  by  failing  to  prosecute  it  with  that 
promptness  required  by  the  Patent  Office  rules,  it  had  become  what 
the  Patent  Office  terms  abandoned  or  dead.  Mark  claimed  that 
Roe  had  derived  a  knowledge  of  the  invention  from  him  (Mark), 
and  that,  therefore,  Roe  had  never  made  the  invention,  in  the  sense 
that  he  had  never  generated  it  in  his  own  mind,  and  so  had  wrong- 
fully applied  for  a  patent,  as  the  law  provides  only  for  tlie  granting 
of  patents  to  actual  inventors. 
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56  In  determining  these  contests  between  rival  claimants  for 
a  patent,  the  law  considers  an  invention  to  consist  of  two  steps: 
first,  the  mental  conception,  and  second,  the  reduction  to  practice 
of  that  invention,  or  the  embodiment  of  it  in  a  form  sufficiently 
perfect,  so  that  the  invention  can  be  used  by  the  public  without 
any  further  exercise  of  the  inventive  faculty.  The  law  considers 
the  reduction  to  practice  accomplished  when  either  of  two  things 
has  been  performed  by  the  inventor,  or  by  those  acting  for  him  at 
his  request.  Either  he  must  build  a  machine  or  an  article  of  manu- 
facture, if  the  invention  be  a  machine  or  article  of  manufacture,  or 
the  apparatus  or  mechanism  for  practicing  a  method,  if  the  invention 
be  a  method,  and  he  must,  ordinarily,  demonstrate  the  perfectness 
of  the  machine,  article  or  method  actually  by  operating  it.  Or  he 
may  file  an  application  for  patent  for  the  invention,  and,  if  the 
examiners  of  the  Patent  Office  decide  that  that  application  discloses 
an  operative  form  of  the  invention,  the  filing  of  the  application  is 
considered  equivalent  to  the  actual  reduction  to  practice  by  mechan- 
ism, and  is  technically  known  as  a  constructive  reduction  to  practice. 

57  In  an  interference  contest,  the  original  inventor  who  is  the 
first  to  conceive  the  invention,  and  who  follows  his  conception  by 
substantially  uninterrupted  diligence  in  reducing  it  to  practice, 
ending  in  a  successful  reduction  to  practice,  either  actual  or  con- 
structive, is  entitled  to  the  patent.  The  law  does  not  require  that 
the  first  conceiver  of  an  invention  shall  also  be  the  first  to  reduce 
it  to  practice,  so  long  as  he  connects  his  conception  to  reduce  to 
practice  by  reasonable  diligence.  But,  as  before  stated,  the  burden 
of  proof  as  between  any  two  contestants  is  on  the  later  comer  into 
the  Patent  Office. 

58  A  simple  graphical  diagram  will  be  of  assistance  in  settling 
the  contest  we  are  considering.  In  Fig.  17  is  shown  a  diagram  of 
the  production  of  an  invention.  We  will  represent  the  conception 
by  a  vertical  line,  the  reduction  to  practice  by  another  vertical  line, 
and  the  diligence  in  maturing  the  conception  into  a  successful 
reduction  to  practice,  by  a  horizontal  line.  A  complete  inventive 
act,  therefore,  will  consist  of  two  vertical  lines  connected  by  a  hori- 
zontal line.  An  interruption,  or  delay  in  carrying  out  the  reduction 
to  practice  will  be  represented  by  dotting  that  portion  of  the  diligence 
line. 

59  We  are  now  in  position  to  draw  the  diagram  in  Fig.  18,  repre- 
senting our  contest  for  the  patent.  As  Mark  was  the  earliest  to 
conceive   the   invention,   his   conception   should   occur   farthest   to 
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the  left,  being  the  date  when  he  filed  his  first  application  for  patent. 
The  period  between  this  date,  and  the  filing  of  his  second  application 
for  patent,  being  a  period  of  inactivity  should  be  represented  by  a 
dotted  line,  showing  there  was  no  diligence  in  reducing  the  invention 
to  practice.  When  Mark  began  the  preparation  of  his  second  appli- 
cation for  patent,  his  diligence  really  began,  and  from  then  on  to  the 
filing  of  his  application  for  patent,  his  diligence  line  is  a  solid  line. 
As  Roe  derived  his  conception  of  the  invention  from  Mark,  we  can 
give  him  no  conception  line,  but  simply  a  diligence  line,  ending  in  a 
constructive  reduction  to  practice  in  the  filing  of  application  for 
patent.  Doe,  last  of  all,  conceived  the  invention,  and  connected  his 
conception,  by  reasonable  diligence,  with  his  constructive  reduction 
to  practice  in  filing  the  application  for  patent. 

Reduction 
to 
Conception                           Diligence                                 Practice 
I — 1 

FlO     17        DiAGKAM  OF  THE   PKOUUCTION  OF  AN   INVENTION 


John  Mark  | 

Richard  Roe 


John  Doe  (- 


Fj<j.   18     Diagram  of  the  Doe  vs.  Roe  vs.  Mark  Contest  for  the  Patent 

60  As  Roe  never  performed  the  complete  inventive  act,  since 
he  never  conceived  of  the  invention  himself,  he  was  not  entitled  to 
a  patent,  even  though  he  did  file  an  application  for  a  patent  on  the 
invention  earlier  than  Doe's  application,  and  earlier  than  Mark's 
second  application,  therefore  it  is  either  Mark  or  Doe  who  will  be 
entitled  to  the  patent.  As  Mark's  first  application  for  patent  became 
abandoned,  the  law  only  regards  it  as  evidence  of  conception  of  the 
invention,  and  neither  as  evidence  of  diligence,  or  reduction  to 
practice.  As  Mark  was,  therefore,  as  the  courts  have  termed  it,  "sleep- 
ing on  his  rights"  at  the  time  Doe  entered  the  field,  Mark  is  restricted 
to  the  date  when  he  filed  his  second  application  for  patent,  which, 
in  effect,  makes  his  conception  of  the  invention  later  than  Doe's 
conception  of  the  invention,  the  law  regarding  it  as  though  Mark 
had  never  conceived  the  invention  until  he  filed  his  second  applica- 
tion for  patent.     This  makes  Doe  the  first  of  the  tliree  to  conceive 
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the  iiiV(Mitioii,  and  as  Doe  diligently  followed  his  conception  by  a 
eonstriK'tive  reduction  to  practice,  he  was  legally  the  first  inventor 
and  secured  the  patent. 

()1  Whilc^  it  is  impossible,  within  the  limits  of  such  a  paper  as  the 
l^resent  one,  to  give  a  complete  statement  of  all  the  fundamental 
principles  of  the  patent  law,  the  purpose  of  the  paper  has  been 
accomplished  if  it  has  given  an  intelligil)le  understanding  of  a  suffi- 
cient number  of  those  principles  to  put  the  engineer  and  manufacturer 
on  his  guard,  so  that  he  may  know  what  can  be  accomplished,  and 
when,  and  how  to  utilize  his  counsel  in  such  matters. 


TAPS  AND  SCRE^YS 

At  the  meeting  of  the  Socii^ty  h(4(l  in  New  York,  Mareh  12,  1912, 
a  paper  by  F.  O.  Wells  of  tlu^  Wells  Brothers  Compan^^,  Greenfield, 
Mass.,  was  presented  by  H.  E.  Harris,  testing  engineer  for  the  com- 
pany, on  Taps  and  Screws. 

The  average  user  of  machine  screws  and  l^olts  hears  very  little 
about  the  finely  drawn  theories  in  regard  to  angles  and  other  details 
and  their  practical  application  to  tap  and  die  making.  The  ability 
to  buy  or  make  screws  and  Iwlts  which  can  be  depended  upon  to  fit 
the  tapped  holes  in  the  product  under  manufacture  is,  however, 
a  matter  which  demands  attention.  '  Differences  in  the  dimen- 
sions of  the  screws  and  the  tapped  holes  must  be- made  "in  order  to 
allow  for  unavoidable  imperfections  in  manufacture  and  wear  on  the 
taps  and  sufficient  freedom  of  fit,  but  this  should  be  confined  to 
such  small  limits  that  the  smallest  permissible  diameter  for  the  taps 
will  be  slightly  larger  than  the  largest  permissible  diameter  for  the 
screws.  If  these  limits  are  too  large,  a  screw  which  happens  to  be 
used  in  a  hole  tapped  by  a  maximum  sized  tap  may  be  too  loose. 
The  limits  must  be  closely  guarded;  but  at  the  same  time  they  must 
not  be  so  small  as  to  prevent  an  interchangeable  assembling,  and 
must  also  allow  for  a  reasonal)le  amount  of  wear  on  the  tap. 

The  two  factors  most  vital  in  this  connection  are  the  size  and  the 
lead.  It  is  very  important  to  understand  how  the  size  is  to  he 
measured.  The  fit  of  any  screw  should  Ije  on  the  sides  of  the  angle 
of  the  thread,  as  the  outside  and  root  diameters  have  comparatively 
little  to  do  with  the  actual  fit;  for,  unless  the  angle  and  the  lead  of 
the  threads  are  the  same  in  both  screw  and  tapped  hole,  and  the 
diameters  measured  across  the  angles  of  the  threads  ar(^  relatively 
Tight,  a  proper  fit  can  not  be  obtained,  no  matter  how  close  to  size 
the  outside  and  root  diameters  are  held. 

Fig.  1  shows  one  effect  of  fitting  together  nuts  and  screws  of 
different  angles.  In  this  case  the  screw  is  shown  with  a  more  obtuse 
angle  than  the  nut,  and  tlu;  bearing  l)etween  them,  if  one  could  be 
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obtained  this  way,  would  be  on  the  sharp,  fragile  apexes  of  the 
teeth. 

The  necessity  of  measuring  the  angle  accurately  has  led  to  the 
adoption  of  the  term  pitch  diameter  for  screw  threads,  as  well  as 
for  gears,  and  those  who  have  gone  carefully  into  the  study  of  screw 
threads  are  using  exclusively  this  method  of  measuring. 

Fig.  2  shows  a  micrometer  which  measures  these  important 
diameters  across  the  angle.  The  great  merit  of  this  particular  tool 
is  that  it  is  not  rendered  inaccurate  by  the  helix  angle  of  the  thread; 
that  it  will  measure  the  finest  lead  thread  as  well  as  the  coarsest 
within  its  range,  and  that  it  has  the  greatest  range  that  has  been 
developed. 


Fig.  1    Effect  of  Fitting  Nuts  and  Screws  of  Different  Angles  Together 


Fig.  3  shows  how  variations  in  the  lead  affect  the  pitch  of  a  screw. 
The  angle  in  this  case  has  been  assumed  to  be  correct,  but  the  nut 
has  been  tapped  with  a  tap  having  long  or  stretched  lead,  with  the 
result  that  a  bearing  can  be  had  only  in  two  places  at  the  most,  as 
indicated  by  AD  and  BC. 

This  is  not  by  any  means  an  exaggerated  condition  and  explains 
the  reason  why  a  nut,  tapped  with  a  large  diameter  tap,  will  often 
start  freely  on  a  screw,  turn  a  few  turns,  gradually  becoming  less 
free,  and  then  bind.  It  has  then  found  its  AD  and  BC  and  cannot" 
move  further,  because  the  position  of  the  bearing  on  opposite  side= 
of  the  thread  acts  as  a  wedge. 

While  it  is  possible  that  on  small  work  and  with  soft  metals, 
screws  might  be  put  together  in  this  way,  it  is  very  evident  that  it 
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would  not  be  a  good  job  and  would  very  soon  prove  unsatisfactory. 
It  would  also  tend  to  place  all  tlu>  strain  on  one  tooth  at  a  time, 
making  it  possible,  under  a  sufficient  longitudinal  strain,  to  strip 
one  tooth  after  another  with  a  shearing  action,  at  a  small  percentage 
of  the  power  that  would  be  required  to  strip  them  all  simultaneously 
when  the  lead  is  correct. 


A-^B 

i^m. 

^^^^-^^-.-^^.^^-...^-.^         ^ 

Fig.  2     Micrometer  for  Measuring  Diameter  of  Screws  Across  the  Angle 


Fig.  3     Effect  of  Variation  in  Lead  upon  Pitch  of  Screw 


As  stated,  the  user  generally  desires  only  to  have  his  screws  and 
bolts  fit  satisfactorily.  Those  who  do  a  large  amount  of  assembling, 
where  thousands  of  screws  of  various  sizes  are  used,  know  the  diffi- 
culty of  this  proposition.  They  are  acquainted  with  the  variation 
to  be  found  in  machine  screws,  as  well  as  in  the  tapped  holes,  and 
with  the  delay  which  this  makes  in  assembling,  as  well  as  with  the 
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difficulty  of  sui)])lying  duplicate  parts.  For  this  reason,  many  are 
using  point  limit  gages  especially  made  to  measure  the  screw  diam- 
eters across  the  angles,  and  so  insure  the  uniformity,  within  working 
limits,  of  the  screws  to  b(;  used. 


Fig.  4     Point  Limit  Gage 


Fig.  F)     Screw  carried  down  to  Minimum  Limit  in  Point  Limit  Gage 


Fig.  4  shows  one  of  these  gages  in  use.  The  screw  being  measured 
has  just  been  passed  on  the  "go,"  or  maximum  limit,  and  with  the 
same  movement  is  carried  down  (see  Fig.  5),  to  the  "not-go,"  or 
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minimum  limit.  The  screw  being  inspected  in  these  two  figures  is 
evidently  a  gootl  one,  since  it  passed  ))etwe(>n  the  go,  but  will  not 
pass  between  the  not-go  points. 

The  rapidity  and  accurac}^  of  this  method  of  measuring  thr(\ads  is 
partly  apparent,  but  its  great  efficiency  may  be  better  realized  if 
actual  figures  are  given.  An  inspecloi  of  j-in.  taps  for  limits  on 
angle  and  outside  diameters  with  two  limit  gag(^s  of  this  style,  will 
gage  about  750  por  hour.  For  ordinary  screw  work,  not  requiring 
such  extreme  care,  th(>  output  might  be  even  greater. 

As  to  the  lead  of  taps,  there  is  little  doubt  that  most  makers  use 
a  somewhat  similar  method  to  secure  uniformity  of  product.  It 
must  be  remembered,  however,  that  as  all  steel  expands  and  con- 
tracts with  heat  and  cold,  taps  change  their  lead  to  some  extent  in 
the  hardening  process.     If,  in  addition  to  this,  they  are  warped  on 


Fig.  6     Nut  TArpEi)  with  Tap  warped  in  HARDENiNO^STANnARn  Tiirfad 


the  threaded  end,  the  lead,  the  angle  and  diameter  of  the  taii]ied 
hole  will  be  affected,  as  can  l^e  seen  in  Fig.  G. 

To  what  has  been  said  of  the  effect  on  taps  of  (>rrors  in  lead,  angle, 
angle  diameter  and  warping,  must  be  added  the  effect  of  usage  in 
reducing  the  size  of  the  tap  by  wear,  as  well  as  the  commercial 
variations  of  lead,  angle  and  diameter  in  the  screws  or  bolts,  and  it 
will  readily  be  seen  that  under  the  best  possible  conditions  there 
will  be  a  multiplicity  of  minute  errors  that  will  have  to  be  taken 
care  of  by  the  allowance  between  the  minimum  limit  of  the  tap  and 
the  maximum  limit  of  the  screAv.  There  will  also  have  to  be  a  maxi- 
mum limit  set  on  the  tap  and  a  mininnim  limit  set  for  the  screw,  to 
provide  for  manufacturing  allowances  and  to  prevent  too  much 
looseness  in  tlie  fit  oi  the  thread. 

There  is  great  diversity  of  opinion  at  the  present  time  among  tap 
and  die  makers,  and  screw  makers  in  g(>neral,  as  to  what  tliese  allow- 
ances should  be,  and  what  constitute  tlie  corn-ct  limits  for  the  taps 
and  screws  of  the  U.  S.  Standard  sizes,  with  the  result  tliat  a  buyer 
or  manufactur(^r  has  trouljle  in  securing  tai)s  to  suit  liis  screws,  or 
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screws  to  fit  his  tapped  holes,  and  is  working  under  a  serious  handi- 
cap in  his  efforts  towards  proper  fits  and  interchangeable  work. 

The  Committee  of  the  Society  on  the  Standard  Proportions  of 
Machine  Screws  gave,  in  its  report  of  1907,  a  list  of  standard  ma- 
chine screw  sizes,  with  diagrams  and  tables  of  standard  proportions, 
limits  for  screws  and  taps,  sizes  of  references,  gages,  etc.,  which 
received  the  endorsement  of,  and  has  been  of  unlimited  value  to, 
the  industrial  community  at  large.  The  question  of  limits  for  the 
larger  size  screw  threads  was,  however,  left  unsettled,  and  this 
question,  from  its  far-reaching  nature,  is  too  large  a  matter  to  be 
settled  by  either  the  manufacturer  or  the  user. 

In  order  to  determine  some  of  the  conditions  under  which  the 
tap  has  to  work,  such  as  proper  sizes  of  tap  drills,  best  lubricants, 
the  correct  cutting  angles  and  shapes  of  flute,  the  right  number  of 
threads  among  which  to  distribute  the  cutting,  the  best  methods  of 
tempering  to  increase  the  life  and  strength  of  taps  and  prevent  undue 
distortion  and  shrinkage,  etc..  Wells  Brothers  Company  have  had 
special  testing  machines  built  for  showing  the  power  required  to 
drive  a  tap,  and  for  recording  the  tap's  cutting  action  on  indicator 
cards  or  charts. 

It  is  often  found,  in  cases  when  one  would  least  expect  it,  that  a 
manufacturer  is  actually  punching  or  drilling  holes  for  tapping  of  a 
smaller  diameter  than  the  root  diameter  of  the  thread,  so  that  the 
end  of  the  tap  must  act  as  a  reamer  before  the  thread  can  be  cut. 
In  this  case  the  tap  becomes  a  taper  reamer  with  unrelieved  chip 
breakers,  and  reams  a  taper  entrance  to  the  hole.  Oftentimes  it 
will  fail  to  "catch  the  thread"  at  all,  and  will  therefore  ream  clear 
through  or  to  the  bottom  without  threading.  Or,  if  the  thread 
does  happen  to  catch  after  reaming  part  way  through,  a  short,  weak 
thread  is  the  result. 

This  requires  considerable  power,  often  beyond  the  breaking 
strain,  and  explains  why  taps  sometimes  refuse  to  cut  a  thread  at  all, 
and  also  why  taps  sometimes  break  almost  as  soon  as  they  begin  to 
cut.  When  it  is  remembered  that,  generally  speaking,  more  than 
80  per  cent  of  the  standard  thread  depth  is  never  necessary  in  manu- 
facturing, even  for  shallow  holes,  and  in  many  cases  not  more  than 
50  per  cent,  the  folly  of  having  holes  too  small  can  be  seen,  and,  in 
most  cases,  even  of  attempting  to  secure  a  full  thread. 

Tap  drill  sizes  for  machine  screws  in  particular,  should  be  varied 
according  to  the  material  to  be  tapped,  and  the  depth  of  the  tapping. 
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Roughly  stated,  for  holes  that  have  the  screws  enter  more  than  I5 
times  the  diameter,  50  per  cent  or  half  thread  is  usually  sufficient,  as 
the  head  will  break  off,  or  the  screw  will  stretch  or  break  before  the 
thread  will  strip. 

Soft,  tough  material,  such  as  copper,  Norway  iron,  drawn  alu- 
minum, etc.,  should  have  a  larger  hole  for  the  tap  than  the  harder 
and  more  crystalline  materials,  such  as  cast  metals.  This  is  because, 
if  they  are  drilled  smaller,  the  tops  of  the  threads  are  liable  to  be 
torn  off,  which  decreases  the  effective  depth  of  the  thread  in  the  tap 
hole,  and  results  in  a  poorer  thread  than  if  the  hole  had  been  origin- 
ally drilled  a  little  larger.  On  the  other  hand,  in  these  more  tenacious 
ductile  materials,  if  the  hole  was  originally  a  little  large,  the  tap, 


Fig.  7     Three  Taps  with  Different  Fluting 

especially  after  the  keen  edge  has  become  slightly  dulled  by  use, 
will  reduce  the  size  of  the  hole  by  spinning  or  drawing  the  metal  at 
the  tops  of  the  threads,  thereby  increasing  the  effective  depth  of  the 
thread. 

It  should  also  be  remembered  that  it  is  impracticable  to  tap  a  hole 
with  the  basic  root  diameter  size,  unless  the  much  slower  processes, 
with  serial  taps,  or  long  step  taps,  are  used,  so  as  to  divide  the  tap- 
ping operation  into  a  series  of  successive  steps,  each  removing  a 
small  amount  of  metal.  The  size  of  the  hole  also  affects  very  ma- 
terially the  power  required  for  tapping,  and  the  tap  breakage.  This 
is  particularly  important  in  machine  tapping,  which  is  the  main 
thing  to  be  considered  in  manufacturing.  The  power  is  also  affected 
by  the  kind  of  lubricant  used,  by  the  condition  of  the  tap,  whether 
sharp  or  dull,  by  the  shape  of  the  cutting  edges  and  their  effect  on 
+he  shape  and  action  of  the  chip,  and  also  by  the  spaces  allowed  for 
chip  clearance. 

Fig.  7  shows  three  laps  with  different  fluting.     The  tap  at  the 
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middle  produces  a  long  curling  chip,  which,  in  a  deep  enough  hole, 
would  have  sufficient  length  to  curl  up  tightly,  jam  the  tap  and 
cause  the  tap  to  twist  or  break  off,  if  there  was  sufficient  driving 
power.  The  chips  are  shown  on  Fig.  8.  The  length,  the  curled 
twisted  form,  and  the  large  percentage  of  tightly  curled  chips  should 
be  noted. 

Fig.  11  shows  nuts  in  which  long  curled  chips  have  rolled  up  and 
broken  the  tap.      Note,   however,   the  clean,   smooth  thread.      As 
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Fio.  S    Chipb  madk  by  the   Tap  at  Center  of  Fig.  7 


shown  in  Fig.  7  the  tap  at  the  right  tears  and  i)ushes  the  metal  ahead 
of  it,  often  accimiulating  enough  compressed  unseijaratecl  metal  to 
resist  further  compression  and  break  the  tap.  This  tap  broke  while 
tapping  cold-punched  nuts,  at  1100  in-lb.,  twisting  off  near  the 
shank,  in  spite  of  the  fact  that  the  work  was  divided  among  48  cut- 
ting teeth. 

The  chips  from  tiiis  tap  are  shown  in  Fig.  9.  Their  comprc^sscMJ 
character  should  be  noted;  in  fact,  tliey  show  l)y  tluMr  aiipenraiicc 
the  relativ(4y  large  amount  of  iK)wer  and  increased  breaking  strain 
required  on  the  tap. 

Fig.  12  shows  the  sections  of  four  nuts  tapped  with  this  kind  of 
tap,  and  in  tapping  which,  the  taps  l)roke.  The  compressed  and 
mashed-togother  mass  of  metal  adhering  to  the  thread,  and  the  torn 
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conclitioii,  lire  noticcabl'^      When  four  of  these  obstructions  accumu- 
late in  one  tapped  hole,  one  for  each  huid,  the  tap  is  apt  to  give  out. 
In  Fip;.  7  the  tap  shown  at  thc^  left  not  only  cuts  a  free,  slightly 


•s^  M 


f      Mi-' 


Fig.  9     Chips  made  by  the  Tap  at  Right  of  Fig.  7 


■^4.   , 


Fig.  10    Chips  made  by  the  Tap  at  Left  of  Fig.  7 

curling  chip,  but  will  break  the  chip  into  short  lengths  that  will 
readily  slide  out  of  the  way  along  the  flutes  when  pushed  by  the 
successive  chips,  or  carried  by  the  lubricant.  It  uses  about  one- 
third  of  the  power,  on  an  average,  that  the  tap  on  the  right  does. 
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The  chips  cut  by  such  a  tap  are  shown  in  Fig.  10.  They  are  free- 
cutting  and  short  and  the  tap  works  under  much  less  strain  than 
with  the  other  forms  of  fluting,  as  continued  tests  with  different 
forms  and  in  various  metals  have  proved. 

Fig.  13  shows  a  section  of  a  nut  in  which  this  last  style  of  tap  was 
started  and  then  the  nut  was  cut  open  to  show  the  action  of  the  chip. 


Fig.  11     Nuts  in  which  Long  Curled  Chips  have  Rolled  up  and  Broken 

THE  Tap 
Fig.  12    Sections  of  Four  Nuts  Tapped  with  Tap  Broken  at  1100  In-Lb. 
Fig.  13     Section  of  Nut  where  Chips  are  Broken  into  Short  Lengths 

BY  Tap 
Fig.  14     Chattered  Nut 


The  smooth  thread  and  clean,  short  curl  of  the  chip  which  was  on  the 
point  of  breaking  should  be  noted. 

As  almost  all  machine  tapping  is  in  through  holes,  and  the  uses 
of  the  bottoming  tap  are  extremely  few,  experiments  were  made  on 
the  effects  of  sharpening  or  grinding  the  taps  back  from  the  end  for 
a  varying  number  of  threads,  so  as  to  ascertain  the  effect  of  dividing 
thp  work  among  more  or  less  cutting  teeth.      It  was  found   by 
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repoatod  tests  and  careful  record,  that  it  requires  approximately 
25  per  cent  more  power  to  drive  a  tap  which  has  been  ground  back 
but  four  threads,  which,  in  a  four-flute  tap,  divides  the  cutting 
among  16  teeth,  than  for  one  which  has  been  ground  back  six  threads 
and  having  24  cutting  teeth.  The  24  cutting  teeth  also  gave  much 
smoother  threads,  and  cut  more  closely  to  size.  This  shows  that  for 
general  use,  a  tap  ground  back  six  threads  works  better  and  will  last 
longer  than  one  ground  back  only  four. 

Fig.  14  shows  a  very  badly  chattered  nut,  the  chattering  being 
caused  by  burrs  thrown  up  on  the  cutting  edges  of  the  tap  during  its 
manufacture;  this  has  the  same  effect  on  the  cutting  edges  of  the  tap 
that  relieving  or  backing  off  the  threads  would  have;  that  is,  it  cuts 
large  and  rough,  and  jumps  from  side  to  side. 


Fig.  15    Burrs  thrown  up  on  Cutting  Edges  of  Tap,  Causing  Chattering 

OF  Nut 

I'lg.  15  shows  a  magnified  view  of  these  burrs.  This  shows  the 
necessity  of  having  taps  free  from  burrs  and  great  attention  has  to 
be  paid  to  this  point  in  order  to  produce  good  taps. 

The  effect  of  different  materials  upon  the  power  required  for 
tapping  is  shown  in  Table  1,  which  gives  a  chart  of  the  results  found 
on  14  different  taps  tested  on  test  pieces  of  five  different  materials. 
The  maximum  and  minimum  power  required  by  each  tap  when 
tapping  consecutive  test  pieces  is  given  in  inch-pounds.  It  will  be 
seen  that  drawn  brass  required,  on  an  average,  65  in-lb.  and  is  very 
uniform,  and  that  while  crucible  steel  is  also  a  uniform  cutting 
material,  it  required  an  average  of  261  in-lb.  or  four  times  as  much; 
cold  punched  hexagon  steel  nuts  required  an  average  of  190  in-lb., 
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and  hexagon  screw  stock,  tapped  endwise,  197  in-lb.  Phosphor 
bronze  shows  the  biggest  ])()wer  variation  for  the  same  tap,  or  through- 
out the  test.  It  required  an  average  of  228  in-lb.  Ta]is  Nos.  6  and 
8  had  a  slightly  poorer  form  of  flute  than  the  rest,  and  did  not  cut 
as  smoothly  nor  as  easily,  as  may  be  seen  by  referring  to  the  power 
readings  in  the  table 

TABI.K  ]   VARIATIONS  IN  THE  ACTION  OF  TAPS  ON  REPETITION  TESTS  IN 
DIFFERENT  MATERIALS 

TAPS   TJSKD    I2    -    13    U.    S.    S.       ROOT    DIAMETER    OF    TE.ST    PIECES    0.420    IN.     DEi'TH    OF    TAPPED 

HOLE    }4    IN. 


Test    Nos.    of    Taps 


Matprials  used 

1 

2 

62 

4 
00 

65 

6 
70 

7 
60 

8 

9 
00 

10 
60 

11 
60 

12 
60 

13 
60 

14 

Hoxagon  drawn  brass.. . 

C,Q 

62 

90 

65 

05 

CO 

65 

00 

65 

80 

60 

95 

62 

60 

60 

62 

65 

65 

Cniflble  tool  steel 

220 

242 

250 

230 

240 

280 

2.50 

37.5 

210 

270 

200 

270 

260 

258 

225 

265 

268 

250 

230 

260 

235 

380 

205 

280 

275 

260 

260 

270 

Cold  punfhed  hexagon 

steel  nuts 

MS 

15S 

168 

170 

155 

1.50 

150 

340 

165 

195 

1 65 

175 

148 

ISC 

130 

130 

175 

190 

160 

180 

132 

360 

140 

160 

225 

200 

ISO 

180 

Hexagon  serew  stoek. .  .  . 

140 

150 

165 

188 

178 

180 

1.55 

250 

140 

240 

235 

168 

225 

230 

l(K) 

170 

185 

165 

210 

203 

170 

430 

155 

190 

200 

100 

205 

205 

Drawn  hexagon  phosjior 

210 
190 

175 
200 

250 
300 

200 
250 

230 
200 

240 
250 

170 
182 

338 
320 

160 
190 

200 
330 

220 
210 

222 
245 

265 
205 

210 

210 

The  above  values  represent  the  power  required  in    ineh-jioiinds  to  drive  the  taps  through  the 
te.st  pieces  as  measured  on  testing  maehine. 

Tal)le  2  shows  the  effect  of  varying  the  root  diameters  and  using 
different  lulwicants. 

In  this  table,  which  is  the  final  result  of  a  long  series  of  tests, 
the  breaking  strain  is  taken  for  comparative  purposes,  as  a  100  per 
(U'lit  strain  (the  pow(T  required  to  break  a  properly  made  ^-13 
IT.  8.  S.  plug  tap  is  approximately  1000  in-ll).),  and  tht^  lesser 
strains  required  for  tapping  holes  under  different  conditions  are  given 
as  percentages  of  this.  The  test  pieces  used  were  common  hexagon 
cold  ])unched  nuts  accurately  reamed  to  the  respective  drill  sizes, 
and  the  ta,])S  used  were  regular  stock  |-13  U.  S.  S.  taps. 

The  points  which  this  series  of  tests  seem  to  emi)liasize  ]iarticularly 
art^  as  folloAvs: 

a  That  the  lubricants  used,  up  to  a,  certain  poinf,  have  the 
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TABLE  2  EFFECTS  OF  VARIOUS  LUBRICANTS  AND  DIFFERENT  TAP  DRILL 
DIAMETERS  ON  THE  CUTTING  ACTION  AND  BREAKING  OF  TAPS 


Animal 

Sperm 

Graphite, 

Cataract 

Mineral 

Lubricunt 

Larii  Oil, 

Oil,  per 

10  per  cent 

Cutting 

Lard  Oil, 

None, 

Machine, 

per  cent 

cent 

Tallow,  90 
per  cent 

Compound, 
per  cent 

per  cent 

per  cent 

per  cent 

0.425  in.  Diameter  of  Tap  Hole.  75  per  cent  Thread 


Per  pent  of 

breaking 

15.9 

If.  5 

10. 9 

18.9 

19.9 

29.9 

34.2 

strain 

Breakages  in 

None 

None 

None 

None 

None 

14 

15 

tests 

Quality      of 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Rough 

Torn 

thread  cut 

0.410  in.  Diameter  of  Tap  Hole,     90  per  cent  Thread 


Per  cent  of 
breaking 
strain 

Breakages  in 
in  tests 

Quality  of 
thread  cut 


23 


Smooth 


25.1 


None 


Smooth 


36.5 


None 


Smooth 


60.2 


50 


Rough 


68.5 


Torn  badly 


0.400  in.  Diameter  of  Tap  Hole,  100  pei  cent  Thread 


Per  Cent  of 

35.5 

41 

57.5 

71. S 

100 

breaking 

strain. 

Breakages  in 

None 

None 

None 

66 

100 

tests 

Quality      of 

Smooth 

Slightly 

Smooth 

Torn  and 

Torn  and 

thread  cut 

but  with 

rough  with 

but  with 

partly 

wedged  so 

tops  torn 

top.s  torn 

tops  torn 

stripped 

a.s  to  pre- 
vent  tup 
cutting 
tlirough 

Note — By  multiplying  the  above  percentages  by  10,  the  actual  average  power  required  in  inch- 
pounds  may  be  obtained. 
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same  effect  on  the  cutting  power  required  as  more  or  less 
metal  to  remove  should  have.  For  instance,  to  tap  a  |-in. 
nut  with  a  0.425-in.  tap  hole,  using  machine  instead  of 
sperm  oil,  would  have  practically  the  same  effect  on  the 
power  required,  as  reducing  the  diameter  of  the  tap 
hole  25  per  cent  of  the  double  depth  of  the  thread. 
Referring  to  Table  2,  it  will  be  seen  that  the  power  is 
approximately  double  in  both  cases,  from  16.5  per  cent 
to  34.2  per  cent  on  changing  from  sperm  oil  to  machine 
oil,  and  from  16.5  per  cent  in  the  sperm  oil  column,  to 
35.5  per  cent  changing  from  a  0.425-in.  to  a  0.400-in.  tap 
drill  hole. 
/)  That  animal  lard  oil,  sperm  oil  and  the  graphite  and  tallow 

mixture  are  the  best  lul^ricants  of  those  tested, 
c  That  a  good  cutting  compound  is  better  than  some  mineral 

lard  oils  for  the  purpose  of  tapping. 
d  That  machine  oil  is  a  detriment  instead  of  a  help;  that 

taps  will  cut  better  dry  than  with  it. 
e  That  the  number  of  breakages  can  be  greatly  reduced  by 
the  use  of  a  proper  lubricant,  and  that  taps  should  never 
be  used  dry  in  steel. 
f  That  the  diameter  of  the  tap  drill  hole  should  not  be  any 
smaller  than  is  absolutely  needed  to  give  the  necessary 
strength,  and  that  if  this  requires  a  full  depth  of  thread 
on  any  particular  size,  it  would  be  advisable,   from  a 
tapping  standpoint,  to  gain  strength  by  using  a  larger 
size  of  thread  in  combination  with  an  over-size  tap  hole 
g  If  for  any  reason  it  is  desirable  to  produce  a  thread  having 
the  full  depth,  in  order  to  prevent  breakage  of  taps  and 
the  tearing  of  the  tops  of  the  threads  (which  ultimately 
increases  the  size  of  the  tap  hole),  serial  taps  should  be 
used  with  the  best  lubricant  obtainable. 
h  That  every  decrease  of  0.001  in.  in  the  diameter  of  the  tap 
hole,  materially  increases  the  power  required  to  tap  it, 
and  also  increases  the  percentage  of  broken  taps;  and 
that  as  the  tap  hole  gets  smaller,  the  power  required 
increases  and  the  breakages  occur  in  increasing  ratio. 
Referring  in  Table  2  to  the  sperm  oil  column,  it  will  be  seen  that  the 
decrease  of  0.015  in.  in  diameter  from  a  0.425-in.  to  0.410-in.  hole 
required  onl}-  .  5  additional  in-lb.  in  power,  or  an  average  of  a  little 
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over  4  ill-lb.  per  0.001  in.,  while  the  decrease  of  0.010  in.  from  0.410 
in.  to  0.400  in.  required  125  jidditional  in-lb.  increase  in  power,  or  an 
average  of  12.5  in-lb.  i)er  0.001  in. 

In  concluding  the  author  stated  that  he  had  presented  only  a 
small  part  of  the  tapping  proposition;  and  that  the  item  of  greatest 
universal  interest  among  tap  and  screw  makers  and  users  in  general 
is  the  question  of  the  adoption  of  standard  limits  for  the  manu- 
facture of  screws  and  taus  of  the  U.  S.  Standard  sizes. 

DISCUSSION 

In  the  discussion  which  followed  the  reading  of  the  paper,  F.  G. 
Coburn  ^  stated  that  while  on  duty  at  the  Mare  Island  Navy  Yard, 
in  California,  he  succeeded  in  getting  the  Navy  Department  to  adopt 
the  Society  standard  for  machine  screw  taps  and  dies  as  well  as 
that  for  machine  screws;  previously  there  had  not  been  a  single 
first-class,  high-grade  tap  in  the  whole  Navy  Yard.  There  is 
one  more  important  step  to  be  taken  in  the  case  of  machine  screw 
taps,  namely  that  of  standardizing  the  shanks  and  shank  squares. 
Now  a  great  deal  of  time  is  lost,  and  confusion  caused,  because  some 
of  the  machine  screw  taps  will  not  go  through  the  holes,  the  square 
or  section  not  being  of  the  right  size.  Something  must  also  be  done 
for  the  hand  taps  and  tapper  taps,  dies  for  bolt  machines,  etc.  A 
large  loss  is  now  caused  by  nuts  bought  from  one  manufacturer  not 
going  on  bolts  bought  from  another,  or  by  tapper  taps  making  in  the 
nut  machine  nuts  which  will  not  go  on  a  bolt  drawn  from  the  store 
room. 

W.  R.  Porter  described  the  method  of  measuring  threads  used  by 
the  S.  S.  White  Dental  Manufacturing  Company. 

George  W.  Adams  -  described  the  screw  and  tap  situation  in  the 
Camera  Works  of  the  Eastman  Kodak  Company,  at  Rochester,  N. 
Y.  The  particular  requirements  of  the  construction  of  the  photo- 
graphic camera  demand  a  very  high  accuracy  of  the  screw  and  en- 
force the  use  of  a  very  fine  thread.  About  15,000,000  screws  are 
produced,  and  while  some  of  the  screws  run  as  large  as  1.330-40,  the 
screws  used  most  are  0.060-90  and  r6-72,  the  former  size  being  used 
principally  on  the  shutter  in  which  is  mounted  the  lens.  Mr.  Adams 
sets  the  following  limits  on  this  0.060-90  screw: 

1  Assistant  Naval  Constructor,  League  Island,  Philadelphia,  Pa. 
*  Eastman  Kodak  Co.,  Rochester,   N.  Y. 
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Minimum  screw  0.059 
Maximum  screw  0.000 

This  allows  0.001  in  the  manufacture  of  the  scrcnvs.  The  taj:* 
mak(^rs  an'  allowed 

0.001  over  the  basic  for  the  minimum  tap 
0.0015  over  the  basic  for  the  maximum  ta}) 

This  gives  0.0025  betw(H>n  the  largest  tap  and  the  smallest  screw, 
and  allows  0.001  wear  on  tlie  mininnun  ta])  Ix^fore  tlu^  g:igc  will  be 
tight  in  the  hole  tapped. 

It  requires  consideral;)le  attention  on  the  part  of  the  operator  to 
hold  these  sizes,  but  Mr.  Adams  l)eliev{>s  it  to  be  practical.  He  has 
made  some  tests  on  taps  in  the  past  few  weeks,  and  found  that  he 
could  tap  on  an  av(>rage  6100  holes  through  0.040  sheet  brass, 
which  he  considers  to  be  a  good  record  for  such  a  small  tap.  No 
stream  of  oil  is  used  on  the  tapping  machines,  as  many  of  the  parts 
are  plated  before  tapping.  This  is  done  to  prevent  the  nickel  filling 
up  the  holes  or  decreasing  them  in  size.  In  place  of  oil  a  special 
lubricant  is  used  made  by  W.  J.  Foul,  of  New  York.  It  resembles 
bees-wax  in  consistency,  but  Mr.  Adams  stated  that  he  is  experi- 
menting with  an  air  brush,  so  connectcnl  with  the  tapping  machine 
as  to  throw  a  very  fine  spray  just  before  the  tap  enters  the  work. 

In  the  manufacture  of  small  screws  the  dies  play  a  very  important 
]iart.  The  Acorn  die  was  found  to  give  the  ])est  results,  with  the 
die  in  many  cases  ground  on  the  face,  reducing  the  lead  from  3 
threads  to  1  thread,  so  as  to  allow  a  full  thread  very  close  to  the 
head  of  the  screw.  This  has  been  found  to  be  more  efficient  than 
using  a  small  pencil  and  grinding  internally  on  the  edge  of  the  teeth. 

In  closing  his  remarks,  Mr.  Adams  called  attention  to  the  obliga- 
tion laid  upon  the  tap  manufacturer  to  educate  the  public  in  the 
methods  of  measuring  taps;  to  do  this,  information  should  be  given 
in  catalogues  so  that  the  ordinary  workman  in  the  shop  can  under- 
stand how  to  make  a  tap  for  a  screw,  and  how  to  measure  it.  There 
are  now  many  shops,  and  big  shops  at  that,  in  which  there  are  no 
suitable  instruments  for  measuring  taps. 

E.  Howard  Heed  said  that  he  had  found  in  many  screw  threads, 
especially  in  the  nut,  that  the  standard  as  adopted  by  the  Society 
does  not  allow  the  manufacturer  sufficient  leeway.  The  machine 
screw  nuts  are  made  much  thinner  in  ]:)roiiortion  to  the  diameter  of 
the  screw  than  are  the  standard  sizes  of  nuts,  with  the  many  frac- 
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tioiial  sizes.  On  that  account  it  nii^-ht  s(^rm  tiiat  it  was  much  easier 
to  tap  th(>  nut  and  g(^1  ;i  full  thread  in  it  than  it  would  l)e  to  tap  a 
U.  S.  Standard  luil.  This  is  undouhtedly  the  case,  l)ut  at  the  same 
time  it  is  necessary  to  make  the  machine  screw  nuts  very  quickly. 
The  price  of  the  i)roduct  docs  not  admit  taking  much  time  in  the 
process  of  tapping. 

Aliout  s  f^ill  thread  is  put  in,  ])ut  so  far  no  complaints  have  been 
received  on  account  of  the  nuts  being  made  with  too  little  thread 
in  them;  in  fact,  that  is  as  near  as  it  is  found  possible  to  go  commer- 
cially. 

Horace  K.  Jones  suggested  the  use  of  the  following  method  for 
finding  the  outside  diameter  of  a  screw  of  a  certain  numl^er,  viz.,  to 
multii)ly  the  numlicr  by  0.013,  and  subtract  0.0(). 

Charles  B.  Russel  ^  discussed  the  commercial  value  of  adopting 
a  U.  S.  Standard  thread,  and  doing  away  entirely  with  the  V-thread, 
to  which  end  tap  manufacturers  have  been  working  for  a  number  of 
years.  To  determine  the  progress  of  the  adoption  of  the  U.  S. 
Standard  thread,  the  speaker  looked  up  his  sales  of  taps  for  the  past 
year,  taking  the  two  types,  the  tapper  tap  and  the  ordinary  hand 
tap,  which  are  used  by  machinists  for  various  purposes,  and  found 
93  per  cent  of  sales  in  the  U.  S.  Standard  against  7  per  cent  in  the 
V-form.  Letters  from  fifteen  of  the  most  prominent  manufacturers 
of  bolts  and  nuts,  and  of  cap  and  set  screws,  have  shown  that  tlie 
average  output  in  bolts  and  nuts  was  99  per  cent  in  the  U.  S.  Stand- 
ard form  of  thread  against  1  per  cent  in  the  V-form,  which  shows 
practically  a  complete  adoption  of  the  U.  S.  form  of  thread;  in  taps 
and  screws,  however,  the  output  was  only  53  per  cent  of  the  U.  S. 
Standard  form  of  thread  against  47  per  cent  in  the  V-form  of  thread. 

J.  E.  Winter  -  spoke  of  the  troul)le  manufacturers  sometimes  have 
with  customers  who  judge  a  tap  b}'  its  outside  diameter,  mainly  he- 
cause  the  ordinary  outside  microm{^t(^r  is  the  only  instrinnent  the 
numufacturers  have;  as  a  matter  of  fact,  customers  would  get  more 
wear  out  of  a  tap  that  is  slightly  oversize.  As  regards  lul)rication, 
cotton  seed  oil  is  both  chea])  and  V{>ry  good;  if  it  is  gununy  when 
put  on  the  machine,  the  application  of  a  little  keros(>ne  oil  will  over- 
come that  difficulty. 

^  Wilej^  &  Rnsscl,  (ireenfipld,  Mass. 
'^  Winter  Bros.,  Wronthum,  Mass. 
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George  B.  Pickop  suggested  in  regard  to  the  adoption  of  U.  S. 
Standard  for  thread  diameters,  that  it  would  be  a  good  thing  to  add 
to  those  diameters  already  established  the  standardization  of  the 
diameters  of  head  and  thickness  of  head,  and  width  of  slots  in  screws 
of  the  U.S.  Standard,  and  also  the  length  of  thread  cut  on  the  body 
of  the  screw.  These  items  ought  to  be  fixed  as  well  as  the  other 
diameters. 

The  V-thread  cannot  be  al)andoned  on  pipe  threads,  as  the  flatten- 
ing of  the  top  of  the  thread  and  the  changes  in  the  tap  diameters 
and  possibl}^  die  diameters  might  leave  a  space  at  the  outside  diameter 
which  would  present  a  starting  point  around  the  taps  and  cause 
leakages  in  the  fittings. 

F.  O.  Wells  said  that  one  of  his  experiments  with  an  ordinary 
commercial  tapper  showed  that  it  has  a  factor  of  safety  of  only  2 
when  new;  when  dull,  he  does  not  know  what  the  factor  of  safety 
was.  He  had  further  found  that  a  small  shank  tap  is  very  nearly  as 
strong  as  a  large  shank  tap.  He  also  mentioned  that  oil  of  some 
kind  with  a  soapy  body  will  make  a  difference  in  the  size  of  the 
screw.  With  the  same  die  there  will  be  a  difference  of  0.007  to  0.008 
in.  between  the  sizes  of  a  screw  made  with  lard  oil,  and  one  made 
with  a  soapy  compound. 

C.  B.  Buxton  ^  wrote  that  one  of  the  greatest  troubles  of  the 
present  time  is  the  question  of  obtaining  the  proper  lead  on  screw 
parts,  such  as  dies;  this  is  not  readily^  detected  because  the  usual 
gages  are  not  of  any  considerable  thickness,  but  becomes  very  notice- 
able on  many  automobile  parts,  due  to  the  internal  member  being 
threaded  to  such  a  length  as  to  permit  adjustment,  and  a  screw  that 
is  cut  to  gage  will  not  enter  more  than  double  its  diameter  before 
there  occurs  an  interference,  even  when  the  tap  cutting  mating 
member  is  correct  to  pitch  and  lead. 

On  some  alloys  of  aluminum,  due  to  their  peculiar  character,  the 
hole  is  increased,  not  by  the  cutting  edges  of  tap,  but  by  the  natural 
flowing  of  the  metal  away  from  the  point. 

Table  3,  while  not  entirely  free  from  error,  was  compiled  mainly 
from  the  condition  actually  observed  of  the  thread  after  being  tapped, 
and  has  been  successfully  used  for  five  years. 

I  Tool  Supervisor,  American  Locomotive  Company,  Providence,  R.  I. 
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Wilfred  Lewis.  The  U.  S.  standard  V-thread,  flat  top  and  bot- 
tom, should  be  adopted,  I  think,  not  only  for  pipe,  machine  and 
boiler  work,  but  also  as  a  universal  world  standard  for  all  kinds  of 
binding  screws.  I  do  not  think  this  form  of  thread  can  be  improved 
upon,  but  it  is  generally  admitted  that  the  U.  S.  standard  pitches  in 


TABLE  3     SYSTEM   FOR  THREADS  USED   BY   AMERICAN   LOCOMOTIVE 
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small  sizes  are  too  coarse,  and  I  see  no  reason  why  the  U.  S.  standard 
should  not  be  revised. 

.  An  important  advantage  of  the  U.  S.  standard  over  the  machine 
screw  standard  is  that  the  former  runs  in  sizes  which  can  not  be  for- 
gotten, while  the  latter  runs  in  sizes  which  can  not  be  remembered, 
and  this  difference  marks  the  advantage  due  to  a  natural  system  of 
binary  subdivision  over  a  decimal  system,  with  its  long  and  short 
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jumps  in  spacing.  Another  point  to  be  considered  is  the  advantage 
of  giving  the  odd  sizes,  as  for  example  r^  ^nd  ii,  the  same  pitch  as 
the  more  common  |  and  f  sizes.  Then,  when  a  thread  is  stripped,  a 
full  thread  can  be  tapped  a  little  deeper  in  the  same  hole  and  an 
expensive  casting  need  not  be  thrown  away.  At  present  this  is 
seldom  possible  because  the  next  size  larger  is  generally  of  a  different 
pitch. 

The  sizes  |,  |,  f  and  |,  stepping  up  by  |,  form  a  group  well  spaced 
and  convenient  for  all  practical  purposes  between  |  and  1,  and  to 
obtain  larger  or  smaller  standard  sizes,  I  would  simply  multiply  or 
divide  these  sizes  by  two.  For  instance,  I  would  have  |,  ^,  -^,  ^, 
4)  Ai  s-  16  for  machine  screw  sizes,  and  split  the  differences  for  extra 
sizes  which  would  have  the  same  pitch  as  the  next  size  smaller  in 
every  case.  Between  |  and  1,  the  extra  sizes  would  be  j^,  \l,  Hand 
H,  and  continuing  to  larger  sizes,  the  standards  would  be  1,  I4,  H, 
If,  and  the  extras  1|,  If,  If,  1|,  having  respectively  the  same  pitches 
as  1,  1|,  1^,  If.  Continuing,  the  standard  sizes  would  run  2,  2^,  3, 
'Sh,  4,  5,  6,  7,  8,  and.  extra  sizes  could  l)e  added  if  desired.  In  this 
way  there  would  be  25  standard  sizes  between  |  in.  and  8  in.  inclu- 
sive with  24  extra  sizes  interpolated.  The  standard  sizes  would 
naturally  fall  into  general  use  by  reason  of  their  simpler  bases  4,  5, 
6,  7,  as  compared  with  9,  11,  13,  15,  and  the  extra  sizes  would  always 
))e  in  readiness  for  renewal  or  repnii's. 

E.  Howard  Reed  took  up  the  causes  operating  for  and  against 
the  general  acceptance  of  the  A.  S.  M.  E.  standard.  The  manu- 
facturers have  welcomed  the  definition  of  sizes  and  limits,  the  reduc- 
tion of  the  number  of  pitches  and  the  lib(»ral  allowance  in  setting 
limits  of  variation.  Against  it  is  mainly  the  existence  of  some  pre- 
viously existing  standards  which  are  held  to  by  large  users  of  machine 
screws.  Foremost  among  these  is  the  Pratt  and  Whitney  standard 
which  is  used  by  the  electrical  industry.  It  is,  however,  Mr.  Reed's 
(experience  that  clianges  in  the  A.  S.  M.  E.  standard  could  he  brought 
a])out  more  easily  than  seems  to  be  imagined  by  those  using  other 
standards.  This  could  be  done  for  siz(>s  where  a  noticeal)le  varia- 
tion occurred,  by  changing  the  size  directly  from  one  to  the  other, 
arranging  as  near  as  possible  to  use  up  tajis,  screws  and  parts  to  the 
existing  standard  before  starting  on  that  of  the  A.  S.  M.  E.,  or,  by 
comparing  each  standard,  size  for  size,  and  gradually  working  the  ex- 
isting standard  over  by  incr(\asing  or  dc^creasing  by  small  increments 
the  limits  of  that  size  untill  the  A.  S.  M.  E.  limits  were  reached. 
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As  to  the  nianufncturi^  of  serc^w  threads  to  the  A.  S.  M.  E.  standard, 
the  most  important  point  is  the  ])lacinp;  of  emi)hasis  on  the  pitch 
diameter  instead  of  on  the  onlside  (Hanieter.  Tiiis  also  is  the  i)rin- 
cipal  point  of  (htferenee  l)etw(H>n  tlie  cut  tlireatl  and  the  rolled  thread: 
while  in  the  cut  thr(>ad  the  outside  diameter  is  determined  by  the 
outside  dianu^ter  of  the  stock  chos(>n,  in  the  rolled  thread  there  is 
also  the  shape  of  the  die,  the  variation  of  tlu^  dianiet(>r  of  the  l)lank 
antl  the  adjustment  of  the  rollin<2;  dies,  all  of  these  bein^  factors  in 
determining  the  outside  diamctei-  of  the  finished  screw. 

Once  adjustetl,  the  pitch  diameter  of  screws  ])r()duced  l\y  the 
tlu'cad  roll(M'  remains  constant  during  the  life  of  the  dies,  while  the 
outside  diameter  varies  with  the  size  l)lank  on  which  the  thread  is 
rolled.  This  l)einj2;  the  case  an  examination  of  t\\o  limits  cannot  fail 
to  show  how  well  suited  the  A.  S.  M.  E.  standard  is  for  the  pro- 
duction of  rolled  thread. 

With  rejiard  to  machine  screw  nuts,  the  application  of  the  A.  S.  M. 
E.  standard  emphasizes  a  diffcn-ent  set  of  conditions.  Trade  through 
long  usage  has  been  accustometl  to  a  set  of  very  coarse  pitches:  e.  g., 
with  I  in.  diameter  screws,  10-24  would  be  proportional  to  |-9,  and 
4-36  proportional  to  5-8.  When  you  consider  tapping  |-8  or  9  and 
making  full  threads  in  steel  nuts,  you  have  the  problem  of  manu- 
facturing machine  screw  nuts.  Ev(m  though  these  are  proportion- 
ally thinner  than  fractional  sizes,  it  is  commercially  impossible  to 
ta])  a  full  thread,  so  that,  from  a  manufacturer's  point,  the  tap  drill 
tabl(^  in  the  A.  S.  standard  will  not  give  a  working  basis  for  punching 
or  drilling  nuts.  Machine  screw  nuts  with  only  half  thread  are 
generally  speaking  acceptable^  to  the  trade,  and  wluni  they  are  apt  to 
be  used  with  screws  of  various  standards  it  is  possibly  b(^tter  that 
no  attempt  is  made  to  tap  full  threads. 

Luther  D.  Burlingame.  For  many  years  and  from  many  direc- 
tions there  has  been  a  call  for  aii  additional  screw  thread  standard 
finer  than  the  U.  S.  standard  thread,  not  to  rc^place  the  U.  S.  stand- 
ard but  to  provide  for  other  needs. 

In  1885  ]\Iaj.  William  R.  King  read  a  paper  b(>fore  tlu^  American 
Institute  of  Mining  Engineers  on  the  subject  of  screw  threads  in 
which  he  took  the  ground  that  the  U.  8.  standard  thread  is  of  too 
coarse  a  pitch  for  certain  classes  of  work,  claiming  that  the  threaded 
bolt  made  according  to  that  standard  is  weakened  more  than  is 
necessary,  and  proposing  a  standard  having  an  increased  numl)er  of 
threads,  thereby  reducing  the  (k^ptli  of  thread. 
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111  1887  John  L.  Gill,  Jr.,  read  a  paper  before  the  Franklin  In- 
stitute also  criticizing  the  U.  S.  standard  thread  for  certain  classes 
of  work  and  advocating  a  thread  which  would  not  cut  so  deep.  He 
says,  "To  have  a  thread  suitable  for  all  kinds  of  work  is  not  prac- 
ticable," and  for  this  reason  he  favors  the  adoption  of  an  additional 
standard. 

At  the  Boston  meeting  of  The  American  Society  of  Mechanical 
Engineers  in  1902,  Charles  C.  Tyler  presented  a  paper  on  "A  Pro- 
posed Standard  for  Machine  Screw  Thread  Sizes."  This  led  to  an 
extended  discussion  in  which  a  number  of  standards  were  proposed 
all  calling  for  finer  threads  than  would  be  obtained  by  using  the 
U.  S.  standard  formula. 

At  the  meeting  of  the  Society  in  Decembg'  1902,  Charles  T. 
Porter  read  a  paper  entitled  Finer  Screw  Threads.  He  said,  ''I  have 
for  several  years  felt  a  growing  conviction  that  the  pitches  of  our 
machine  screw  threads  are  far  too  coarse  and  ought  to  be  changed. 
The}^  reduce  the  area  of  the  bolt  unnecessarily.  The  Sellers  (U.  S. 
.standard)  thread  made  a  considerable  gain  in  this  respect,  but  in 
the  larger  bolts  the  reduction  of  area  is  still  two  or  three  times  as 
much  as  it  needs  to  be.  Again,  the  inclination  of  the  thread  permits 
the  nut  to  be  jarred  loose  easily.  For  these  two  reasons  threads  of 
a  much  finer  pitch  seem  to  be  called  for." 

In  1902  a  committee  on  screw  threads,  consisting  of  thirty  mem- 
bers, was  appointed  in  Great  Britain  representing  the  Institutions 
of  Civil  Engineers,  Mechanical  Engineers,  Naval  Architects,  Elec- 
trical Engineers  and  the  Iron  and  Steel  Institution  besides  a  number 
of  other  interests,  and  after  making  careful  inquiries  and  holding 
extended  conferences,  the  committee  brought  in  a  report  advocating 
the  addition  of  a  fine  standard  for  screw  threads  to  be  used  in  addi- 
tion to  the  Whitworth  screw  thread  standard.  This  to  be  called 
The  British  Standard  Fine  Screw  Thread.  In  making  the  report 
the  committee  said,  "Inquiries  have,  however,  elicited  a  practically 
unanimous  expression  of  opinions  that  the  existing  Whitworth  series 
of  pitches  for  screws  from  j  in.  to  6  in.  in  diameter  inclusive  do  not 
fully  satisfy  all  requirements,  and  that  where  the  screw  thread  is 
subjected  to  shock  and  vibration  or  extra  strength  is  required  in  the 
core  of  a  screw  of  given  diameter,  finer  pitches  are  desirable. 

"These  facts  led  the  committee  to  draw  up  the  recommendation 
and  table  of  standard  sizes  contained  in  this  report." 

In  April  1906  the  Association  of  licensed  Automobile  Manufac- 
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turers  of  America  adopted  a  standard  having  radically  finer  threads 
than  the  U.  S.  standard.  In  connection  with  their  report  the  follow- 
ing statement  is  made,  "During  recent  years  manufacturers  of  fine 
machinery  have  found  from  experience  that  for  a  large  portion  of 
their  work  the  U.  S.  standards  for  pitch  of  threads  have  been  too 

coarse In    order   to    secure    satisfactory    construction 

special  fine  pitch  screw  threads  have  had  to  be  made.  The  number 
and  variety  of  these  special  threads  have  finally  become  such  that 
great  confusion,  inconvenience  and  expense  have  been  caused." 

During  the  years  1905  to  1907  the  matter  of  a  standard  for  the 
small  size  screws  was  agitated  by  the  Society  and  a  committee, 
appointed  by  that  body,  formulated  a  standard  which  was  adopted 
and  which  provides  for  fine  threaded  screws  within  the  range  from 
about  T6  in.  diameter  to  -^  in.  diameter. 

In  June  1908  a  report  was  presented  at  the  annual  convention  of 
the  American  Railway  Master  Mechanics  Association  at  Atlantic 
City,  N.  J.,  proposing  a  standard  thread  finer  than  the  U.  S.  standard 
for  special  thin  castle  nuts.  The  report  says,  "There  are,  however, 
a  number  of  large-sized  nuts  used  on  the  locomotive,  the  thickness 
of  which,  on  account  of  clearances,  does  not  permit  the  use  of  the 
standard  number  of  U.  S.  threads,  and  with  the  coarser  threads  there 
is  liability  of  their  working  loose.  To  take  care  of  such  cases  we 
have  shown  on  plate  4  the  number  of  threads  per  inch  to  be  used  on 
this  class  of  nuts  which  will  be  known  hereafter  as  the  'special  thin 
castle  nut.'  These  threads  are  finer  than  the  U.  S.  standard  and 
are  practically  the  same  as  the  threads  often  used  for  bolts  in  ship 
building  construction  where  they  are  tapped  into  thin  plates  or  are 
employed  in  places  where  thin  nuts  must  be  used." 

During  the  same  month  that  this  matter  was  considered  by  the 
American  Railway  Master  Mechanics  Association,  a  paper  was  pre- 
sented at  the  Detroit  meeting  of  the  Society  by  Amasa  Trow- 
bridge, entitled  A  Comparison  of  Screw  Thread  Standards  in  which 
he  suggested  the  combining  of  the  Society  and  the  U.  S.  stand- 
ards by  making  a  new  connecting  link  giving  a  finer  thread  than 
would  be  obtained  by  the  U.  S.  standard  for  the  |  in.  to  ^  in.  screw 
threads.  After  giving  some  study  to  Mr.  Trowbridge's  paper,  it 
seemed  to  the  writer  that  it  was  an  opportune  time  to  present  for  the 
consideration  of  the  Society  an  intermediate  standard  to  cover 
not  only  the  need  pointed  out  by  Mr.  Trowbridge  but  to  meet  the 
whole  situation  by  extending  the  A.  S.  M.  E.  standard  and  producing 
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an  intermodiatc^  standard  which  oovild  ])o  used  in  connection  with 
the  U.  S.  and  with  the  A.  L.  A.  M.  standards,  not  with  the  idea  of 
disphicing  either  of  these,  but  in  order  that  the  varying  needs  might 
all  be  covc^'ed  with  authorized  and  well  established  standards  and 
thus  reduce  to  a  minimum  the  need  of  using  special  threads.  With 
this  thought  in  view,  the  writer  worked  out  a  formula  and  presented 
it  at  the  Detroit  meeting  as  a  discussion  of  Mr.  Trowbridge's  papcT. 
This  formula  gives  threads  practically  coinciding  with  the  adopted 
A.  S.  M.  E.  standard  within  the  range  for  which  that  standard  pro- 
vides, and  above  that  point  is  intermediate  ])etween  the  U.  S.  stand- 
ard and  the  very  fine  pitches  of  the  A.  L.  A.  M.  standard,  thus  meet- 
ing the  needs  of  general  machine  work  which  would  be  better  covered 
by  a  standard  coming  between  these  two  extremes.  It  also  provides 
for  screws  down  to  the  smallest  wntch  screws  0.01  in.  in  diameter, 
and  also  up  to  screws  6  in.  in  diameter,  and  gives  results  closely 
approximating  the  pitches  used  for  sci-ews  by  many  leading  manu- 
facturers at  the  present  time. 

The  fact  that  a  thorough  study  of  the  situation  by  a  competent 
committee  in  Great  Britain  has  shown  the  existence  of  such  a  need 
gives  confidence  in  urging  that  a  similar  need  should  be  provided 
for  in  this  country  and  it  is  hoped  that  steps  may  be  taken  to  bring 
this  al)out. 

A.  A.  Fuller  then  read  a  discussion  on  the  relation  between 
angular  diameter  and  lead. 

By  error  in  angular  diameter,  he  said,  is  meant  the  difference  be- 
tween the  actual  and  theoretical  diameters  as  measured  by  a  V- 
thread  micrometer  having  a  conical  ]ioint  on  the  measuring  screw, 
and  a  V-anvil  at  the  opposite  end  of  the  micrometer.  By  error  in 
lead  is  meant  the  difference  between  the  actual  and  theoretical 
measurements  of  two  threads  supposed  to  ])o  1  in.  apart. 

The  df^sirability  of  uniform  tapped  holes  is  so  apparent  as  to  need 
no  argument.  With  uniform  tapjied  holes  once  established,  a  varia- 
tion in  the  size  of  the  screws,  studs  or  bolts  to  fit  the  holes  with  any 
degree  of  tightness  desired  is  a  matter  quite  readily  controlled. 
This  analysis  intends  to  cover  only  the  most  common  uses  of  tapped 
holes,  i.  e.,  those  that  are  intended  to  receive  screws,  studs  or  bolts 
for  binding  or  holding  together  the  parts  of  a  machine  or  mechanism. 
These  holes  shovdd  l)e  so  m^arly  alike  that  for  a  given  length  or 
depth  of  hole  a  standard  screw  plug  gage  will  fit  in  all  the  holes 
within  an  allowable  tolerance  in  tightness. 
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J^rrors  in  angular  diameter  are  easily  comprehended  and  measured. 
An  error  of  this  kind  produces  the  same  effect  as  an  error  in  the 
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Fig.  16     Hole  Tapped  Large  to  Compensate  for  Error  in  Lead 
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Fi(i.  17     Relation  between  Diameter  and  Error   in    Lead   for  Taps 
for  Holes  %  In.,   1  In.  and  IM   In. 

size  of  a  reamed  hole,  i.  e.,  it  causes  a  variation  in  the  tightness  of 
the  fit  between  the  hole  and  the  male  member  intended  to  fit  the 
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hole.  Within  practical  limits  it  is  in(lcp(uidont  of  the  length  of  the 
hole,  and  the  amount  of  variation  allowable  is  inversel^y  as  the 
accuracy  required. 

Errors  in  lead  are  not  so  easily  measured  except  by  special  ma- 
chines constructed  for  this  purpose,  such  as  one  made  by  the  Brown 


Min.  - 10   ',)    8    7    6    5 


6    7   8     9  10+ Mux. 


Fig.  is     Zone  of  Tolerance   for  Taps  Class  No.   1   for  Threads  ^ 
In.  Long  or  under 


&  Sharpe  Manufacturing  Company.  The  effect  of  an  error  in  l(>ad 
is  not  direct.  A  plus  error  and  minus  error  both  produce  the  same 
effect  as  far  as  the  fit  of  our  standard  plug  is  concerned,  the  practical 
effe(;t  of  any  error  being  a  reduction  in  the  size  of  the  tapped  hole, 
i.  e.,  our  standard  screw  plug  will  not  enter  the  hole  the  required 
depth.     Moreover,  the  amount  of  reduction  is  dependent  on  the 
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depth  of  tho  hole  tappod.  For  a  0)0  dcp;.  thread  and  a  holo  1  in, 
deep  it  has  a  greater  proportional  inHuen('(>  on  the  (Hameter  of  the 
hole  than  the  angnlar  diameter,  0.058  in.  error  in  lead  eqnallinp; 
0.100  in.  error  in  angular  diameter.  The  jdlowahle  variation  in 
lead  is  dept^ndent  on  the  d(^pth  of  the  hole.  For  a  short  hole  more 
error  is  allowable  than  a  deep  hole;  but  as  it- is  more  difficult  to  tap 
a  long  hole  with  less  error  than  a  short  hole,  in  practice  it  is  better  to 
adhere  to  an  alloAvable  error  in  lead  per  inch  and  to  compensate  for 
that  error  by  varying  the  angular  diameter. 

Referring  to  Fig.  16,  let  ahc  and  def  represent  the  theoretical  posi- 
tion of  two  spaces  one  inch  apart  cut  by  a  tap  with  correct  lead. 
Let  ghi  and  klm  represent  two  actual  spaces  cut  by  a  similar  tap 
with  an  error  in  lead  equal  to  hh-\-le.  Then  the  stock  ahhg  and  hnef 
would  interfere  with  the  entrance  of  a  standard  screw  plug.  In 
order  to  remove  this  stock  with  a  tap  having  the  same  error  in 
lead,  it  would  be  necessary  to  increase  its  radius  by  the  amount  rh. 
The  new  spaces  then  cut  would  be  represented  by  ar.s  and  utf,  and 
the  standard  plug  would  bear  along  the.  surface  ar  as  far  as  b  and 
along  the  surface  ft  as  far  as  e.    Then 

rh  =  increase  in  radius 
2rh  =  increase  in  diameter 
bh  =  le 
bh -\-lc  =  2hh  =  error  in  lead 

—  =  tang.     30  deg.  =  0.577,  say  0.58 
rh 

bh  =  rh  tang.     30  deg. 

6/1  =  0.58  r/i,  or  2r/i  =  — 
0.58 

-r  .      ,.        ,         eri'or  in  lead 

Increase  in  diameter  = 

0.58 

In  Fig.  17  the  straight  lines  BA  and  B'A  represent  this  rela- 
tionship. 

If  the  dei^h  of  the  hole  is  less  than  1  in.  it  is  necessary  only  to 
correct  the  diameter  ]iroportionally.  On  account  of  the  lack  of 
bearing,  an  error  in  lead  is  more  objectionable  than  an  error  in 
angular  diameter.  If  we  assume  an  allowable  toleranet^  of  lead  of 
+0.001  in.  to  the  inch,  then  for  a  hole  0.58  in.  deep  an  increase  of 
0.001  in.  in  diameter  would  just  compensate  for  this  error.  The 
straiglit  lines  CA  and  (''A   would  represent  the   relation   between 
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error  in  lead  and  increase  in  diameter  necessary  to  keep  the  hole 
standard  for  a  depth  of  0.58  in.  In  practice  it  is  desirable  to  have 
the  taps  slightly  larger  than  standard.  We  can,  therefore,  move 
this  line  bodily  upward  a  distance  corresponding  to  0.0005  in.  and 
assume  it  to  represent  the  relation  between  the  error  in  lead  and  the 
minimum  allowable  angular  diameter  as  shown  in  Fig.  18  by  line 
def.  Now,  if  we  establish  a  tolerance  in  diameter  of  0.0005  in. 
a])ove  this  we  have  th(^  line  ghk,  representing  the  relation  between 
error  in  lead  and  maximum  allowable  angular  diameter.  The  shaded 
area  between  these  two  lines  represents  the  zone  of  allowable  toler- 
ance in  lead  and  angular  diameter  that  will  produce  tapped  holes 
0.58  deep  within  a  variation  of  0.0005  in.  for  practical  running 
diameter.  Without  introducing  any  very  great  error,  we  may  allow 
this  zone  to  stand  for  all  holes  under  f  in.  in  depth.  As  the  majority 
of  holes  on  automobile  work  are  less  than  this  depth,  averaging,  say, 
f  in.  to  I  in.,  this  zone  was  adopted  as  a  basis  for  inspecting  all  taps 
for  holes  under  |  in.  deep.  Commercial  taps  were  subjected  to  in- 
spection to  meet  these  requirements,  and  taps  passing  inspection 
were  designated  as  Class  No.  1  (Fig.  18). 

By  similar  reasoning,  the  increase  in  angular  diameter  to  compen- 
sate for  error  in  lead  for  a  hole  over  1  in.  in  length  must  be  greater 
than  that  for  one  1  in.  long,  and  for  a  hole  1.16  in.  deep,  an  increase 
of  0.002  in.  in  angular  diameter  would  have  to  be  made  to  compen- 
sate for  an  error  in  lead  equal  to  0.001  in.  to  the  inch  as  before. 
Assuming  this  as  a  standard,  then  in  Fig.  17  the  straight  lines  DA 
and  D'A  would  represent  the  relation  between  error  in  lead  and  in- 
crease in  angular  diameter  to  exactly  compensate  for  it  on  all  holes 
1.16  in.  deep.  Raising  this  line  0.0005  in.  for  a  minimum  angular 
diameter  limit  and  establishing  a  tolerance  of  0.001  in.,  we  have  in 
Fig.  19  a  zone  abcdef  representing  inspection  limits  applying  to  taps 
to  be  used  on  holes  j^  in.  to  Ij  in.  deep  without  introducing  serious 
errors.  Taps  passing  this  inspection  are  designated  as  Class  No.  2. 
Usually  the  diameter  of  the  taps  increases  with  the  depth  of  the  hole. 
Class  No.  2  usually  covers  larger  taps  than  Class  No.  1.  In  like 
manner  other  classes  could  be  established  for  deeper  holes,  or  other 
classes  for  the  same  depth  of  holes  with  larger  or  smaller  tolerances 
could  be  added.  The  only  practical  objection  would  be  the  difficulty 
of  keeping  them  classified  in  the  tool  room  and  keeping  track  of 
them  in  the  shop. 
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Lack  of  adequate  terminal  facilities,  increase  of  net  income  and  lower  freight 
rates  present  problems  the  sohitions  of  which  are  vital  to  the  transportation 
company,  shipper  and  consignee  alike.  Additional  facihties  are  difficult  to 
obtain,  since  there  is  usually  no  available  land  adjacent  to  the  terminal  or  it 
is  held  at  a  prohibitive  price.  The  capacity  of  jiresent  terminals  can  be  in- 
creased by  handling  larger  imit  loads  and  moving  them  at  greater  speed,  as 
well  as  by  increasing  the  floor  area  by  the  use  of  freight  sheds  of  more  than 
one  story.  This  is  made  possible  by  the  substitution  of  mechanical  devices 
for  manual  labor  and  hand  trucks. 

The  terminal  handling  cost  is  a  large  item'  in  freight  charges.  Mechanical 
handling  methods  will  reduce  the  total  transportation  cost  sufficiently  to  permit 
of  a  material  gain  in  income,  a  decrease  in  rates,  or  possibly  both. 

The  use  of  machinery  will  also  bring  about  a  new  type  of  terminals  and  a 
revolution  in  present  terminal  methods,  making  possible  other  imjiortant 
economies.  These  economies  are  possible  with  team  freight  as  well  as  I.e. I. 
freight,  and  with  water-borne  traffic  as  well  as  rail-borne  traffic. 

The  problems  thus  presented  should  be  worked  out  with  a  mind  free  from 
the  bias  caused  by  long  famiharity  with  present  practices. 

DISCUSSION 

DISCUSSION   AT  NEW   YORK 

L.  De  G.  Moss^  Mr.  Fowler's  statement  in  Par.  20  is  of  great 
importance.  At  many  important  terminals,  it  is  all  but  impossible 
to  enlarge  the  area  as  a  means  to  lessen  congestion  and  delay,  since 
a  greater  interest  account,  which  is  ultimately  paid  by  the  public, 
would   result. 

In  Par.  10,  Mr.  Fowler  gives  the  actual  cost  of  rail-freight  trans- 
portation, including  operating  expenses  and  interest  on  permanent 
way  and  rolling  stock,  as  3  mUls  per  ton-mile.  The  revenue  per  ton- 
mile  which  is  the  cost  to  the  users  and  pa-id  for  by  them  might  prefer- 
ably be  given.     This  average  cost  per  ton-mile  in  the  United  States 

iCons.  Engr.,  248  W.  131.st  St.,  New  York. 
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is  about  7,6  mills.  The  rate  was  1  cent  in  1888,  with  earnings  of 
about  $2300  per  mile  of  track.  Since  1898,  the  revenue  has  fluctuated 
between  0.763  cent  and  0.724  cent  and  the  earnings  per  track-mile 
have  risen  to  over  $3900.  The  length  of  haul  is  increasing,  a  potent 
factor  in  the  reduction  of  rates.  The  ton-mile  standard  must  be  used 
with  caution.  Some  Americans  say  with  mistaken  pride  that 
freight  carriage  in  England  costs  a  little  over  2  cents  per  ton-mile, 
ignoring  the  fact  that  the  average  haul  here  is  about  5.5  times  as  long 
as  in  England.  The  comparison  for  equal  hauls  is  not  in  our  favor. 
Coal,  which  is  readily  loaded  and  unloaded,  and  moved  in  large  quan- 
tities in  cars  which  have  a  very  low  ratio  of  non-paying  load,  can  be 
operated  for  3  to  5  mills  per  ton-mile.  Larger  locomotives  and  trains, 
better  cars  and  road  bed,  are  all  tending  to  increased  earnings  per  mile 
of  track,  and  to  a  reduction  in  the  cost  per  ton-mile. 

Turning  to  water-borne  freight,  coal  is  carried  on  the  Great  Lakes 
for  about  1  mill  per  ton-mile  under  exceptionally  favorable  conditions, 
such  as  a  specially  designed  hold  which  permits  very  rapid  unloading, 
large  unit  cargoes,  and  the  fact  that  the  east-bound  traffic  consists 
mainly  of  iron  ore  and  grain,  while  on  the  westward  trip  coal  is  usually 
carried.  On  the  canals  of  New  York  State,  which  have  not  yet  re- 
ceived the  full  benefit  of  the  enlarged  waterways  and  larger  unit 
carriers,  the  cost  is  about  one-third  that  of  railway  transportation. 
Coal  is  taken  on  the  Mississippi  River  from  Cairo  to  New  Orleans, 
for  0.5  mill  per  ton-mile..  On  long  ocean  voyages,  say  from  London  to 
Bombay,  10,754  nautical  miles,  the  cost  is  about  0.6  mill  per  ton-mile. 

Some  American  railways  earn  1  cent  per  ton-mile;  others  fall  to 
0.5  cent,  and  find  it  difficult  to  operate  with  this  slender  revenue.  Re- 
ferring to  Par.  11  of  Mr.  Fowler's  paper,  Mr.  Byers,  chief  engineer  of 
the  Missouri  Pacific  Railway,  analyzed  the  cost  of  terminal  freight 
handling  for  30  stations,  as  follows: 

Labor  and  car  shifting SO. 415 

Fixed  charges   and   amortization 0.286 

0.701 
Many  statistics  fail  to  contain  the  legitimate  fixed  charges. 

A  common  defect  in  existing  terminals  is  that  it  is  not  possible  in 
most  cases  to  deliver  or  receive  direct  to  or  from  wagons  and  teams. 
Team  freight  costs  4  to  8  cents  per  ton 'for  handling,  depending  on  the 
size,  shape  and  weight  of  the  packages.  If  the  same  materials  are 
landed  on  the  station  platform  and  moved  through  the  station  to  the 
car,  the  handling  charge  will  rise  to  from  30  to  50  cents  per  ton. 
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There  are  two  great  difficulties  to  be  overcome  when  mechanical 
transporters  are  used.  Such  devices  must  carry  good  sized  loads  to  be 
economical.  Therefore  a  skip  or  a})r()n  is  needed  for  much  of  the 
freight  received  in  light  packages,  and  there  must  be  a  safe,  clear 
space  between  cars,  into  which  this  skip  can  be  lowered  so  as  not  to 
injure  the  sides  of  the  cars. 

If  the  box-car  roof  had  a  large  hatch  through  which  loads  could 
be  handled,  the  problem  would  be  almost  as  easy  as  the  unloading  of 
fiat  cars  if  it  were  not  for  the  fact  that  it  would  sometimes  be  neces- 
sary to  unload  cars  under  cover  to  exclude  rain  and  snow  from  certain 
kinds  of  freight.  The  easy  conditions  can  never  be  obtained  that  are 
met  with  in  handling  loose  materials  in  gondola  cars,  which  may  be 
emptied  from  above  or  below,  or  tipped  over  by  a  dumper. 

In  some  cases  tracks  could  be  arranged  with  island  platforms, 
upon  which  packages  oould  be  delivered  in  or  out,  connecting  the 
platforms  by  overhead  cranes  and  telphers.  Great  skill  would  be 
demanded  in  their  operation  to  avoid  confusion  between  incoming, 
outbound,  and  transfer  freight.  These  island  platforms  would  also 
need  a  central  depot  where  freight  could  be  delivered,  checked,  weighed, 
invoiced,  receipted  for,  and  classified,  before  being  sent  out  to  one 
of  the  island  platforms  for  storing.  If  the  tracks  and  cars  could  be 
arranged  to  receive  team  freight  direct,  that  would  excel  almost 
any  mechanical  device,  except  for  very  heavy  loads,  as  long  as  boxcars 
are  used.  These  methods  require  expansion  of  area,  which  in  turn 
means  financial  difficulties. 

An  obvious  advantage  to  be  gained  by  the  use  of  gantrys,  cranes  and 
telphers,  is  in  elevating  a  load  to  upper  floors  and  in  tiering  packages. 
In  England  we  find  cranes  of  all  types,  operated  by  hydraulic  or 
electric  power,  installed  so  as  to  serve  practically  any  part  of  an  impor- 
tant terminal.  There  geographical  conditions  make  the  typical 
terminal  one  in  which  both  water  and  rail  transportation  enter; 
and  a  steamship  dock,  gantry  cranes,  railway  tracks,  teaming  space, 
more  railway  tracks,  platforms  and  freight  sheds  are  found  abutting 
on  a  driveway.  The  hydraulic  crane,  although  safe  and  easily 
controlled,  is  giving  way  to  the  electric  type,  which  is  cheaper  to 
install  and  to  operate. 

For  marine  terminals  with  mechanical  equipment,  Hamburg  is  the 
city  to  study.  One  dock  alone,  the  Kuhwaeder,  has  over  130  cranes, 
the  Municipal  Dock  about  100  cranes,  the  Free  Haven,  about  600. 
There  are  in  all,  about  1000  cranes,  a  few  of  which  can  lift  75  tons. 

In  the  port  of  New  York,  aside  from  some  good  floating  cranes,  there 
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is  only  one  pier  equipped  with  cargo  cranes,  the  Greenville  pier  of  the 
Pennsylvania  Railroad  which  has  three  C.  W.  Hunt  unloaders,  each 
handling  10  tons,  with  a  large  ov(M'load  capacity. 

Mr.  Fowlei-  ]K)ints  out  in  Par.  78  that  comparing  the  cost  of  freight 
handling  in  San  I'rancisco  without  machinery  and  Hamburg  with  its 
sui)erl)  machinery,  the  difference  in  cost  is  but  10  cents  per  ton  in 
favor  of  the  latter.  That  looks  small,  but  the  multiplier  is  large.  It 
enabled  the  city  of  Bremen  to  expend  about  $30,000,000  for  harbor 
improvements  and  machinery,  which  was  returned  fully  by  the  differ- 
ence between  the  freight  charges  and  cost  of  operation,  and  the 
increased  traffic.  In  some  cases,  greater  speed  of  loading  steamers 
will  not  be  of  much  importance,  since  the  careful  stowing  of  cargo 
i)elow  limits  that,  as  well  as  the  fact  that  as  soon  as  many  steamers  are 
docked  the  "black  watch"  is  engaged  day  and  night,  often  with  out- 
side aid,  in  overhauling,  adjusting  and  repairing. 

F.  B.  Freeman.^  In  Par.  5  Mr.  Fowler  states  that  the  inefficiency' 
of  the  country's  transportation  service  is  strongly  emphasized  and 
emphatically  stated  to  be  due  to  inadequate  terminal  facilities. 
I  believe  that  all  the  railroads  will  reply  that  it  is  a  matter 
which  is  being  rapidly  corrected.  Some  years  ago,  when  the  great 
increase  in  traffic  developed,  the  majority  of  the  railroads  had  insuffi- 
cient main  tracks  to  move  freight  properly  from  one  point  to  another. 
Main  tracks  therefore  were  the  first  point  of  attack,  as  is  was  not  possi- 
ble to  obtain  sufficient  money  to  do  everything  necessary  at  once. 

Now  that  the  main  tracks  have  been  made  adequate  for  the  trans- 
portation of  freight,  the  railroads  are  working  on  the  development  of 
their  terminals  and  making  them  of  sufficient  capacity  to  handle  all 
business  offered  them,  with  as  little  delay  as  possible.  I  think  it 
safe  to  say  that  within  a  very  few  years  this  difficulty  will  be  overcome 
just  as  completely  as  the  inadequacy  of  the  main  tracks  has  been 
overcome.  The  matter  is  not  going  to  be  neglected  and  the  railroads 
will  meet  all  conditions  just  as  rapidly  as  money  can  be  obtained  in 
order   to  carry  out  the  improvements. 

In  Par.  6  Mr.  Fowler  states  that  the  essential  factor  in  the  trans- 
portation costs  is  not  that  of  handling  the  goods,  but  the  expense  of 
handling  at  terminal  stations.  In  this  connection  it  must  be  borne 
in  mind  that  the  excessive  cost  of  handling  freight  at  terminal  sta- 
tions, is  due  to  the  rehandhng.  The  consignees  practically  all  over 
the  country  have  four  days  in  which  to  take  freight  awaj'  from  the 

1  Ch.  Engr.,  Boston  &  Albany  R.  R.,  Soutli  Sta.,  Boston,  Mass. 


DISCUSSION   BY   F.    B.    FREEMAN  10G9 

freight  hoiiso.  This  means  that  each  freight  house  has  to  he  practic- 
ally four  times  as  large  as  is  necessary  for  the  handling  of  the  daily 
business  at  the  station.  It  also  must  have  some  additional  area  in 
which  to  handle  freight  which  is  not  taken  away,  even  within  the  four- 
day  limit.  This  necessitates  the  rehandling  of  the  freight  in  the  house 
in  order  to  deliver  it  to  the  consignee  who  arrives  first.  In  Par.  7  he 
mentions  the  congestion  of  terminals,  which  is  in  a  great  number 
of  instances  due  to  the  same  difficulty,  that  all  the  consignees  do  not 
take  away  their  freight  promptly  on  its  arrival.  I  believe  that  the 
cost  of  handling  freight  at  outbound  houses  is  not  excessive  for  the 
reason  that  it  is  handled  on  the  day  that  it  arrives,  i.e.,  the  outbound 
freight  house  is  practically  empty  every  night. 

In  Par.  15  he  states  that  the  solution  is  the  design  of  an  entirely 
new  system  of  terminal,  adapted  to  the  use  of  machinery.  It  should 
be  borne  in  mind  that  all  the  old  terminals  which  would  be  wiped  out 
will  still  lie  a  burden  on  the  railroads,  as  they  have  been  covered  by 
bond  issues,  the  interest  on  which  would  have  to  be  met.  This  would 
all  have  to  be  borne  by  the  freight  ch9,rges  in  some  form  or  other. 

In  Par.  23,  item  b,  he  speaks  of  tiering  the  packages  in  the  freight 
house.  To  anybody  who  has  studied  the  question  of  freight  handling, 
it  would  be  perfectly  evident  that  tiering  of  packages  in  the  freight 
house,  no  matter  how  accomplished,  mil  lead  to  additional  handling 
costs  for  the  reason  that  in  the  majority  of  cases  the  lots  to  any  one 
consignee  are  small.  Should  the  goods  be  so  tiered  the  probabilities 
are  that  the  consignee  whose  lot  is  at  the  bottom  of  the  pile  will  be  the 
first  to  call  for  his  goods.  Supposing  for  instance,  that  in  one  bay  of 
a  house,  there  w^ere  piled  100  tons  of  freight.  It  is  quite  possible 
that  there  might  be  20  or  more  consignees  for  this  100  tons  of  freight 
w^ho  would  call  for  their  particular  consignments  any  time  during 
the  four  days  after  they  had  arrived  and  had  been  stacked.  This 
would  necessitate,  in  all  probabiHty  the  moving  of  all  tlie  freight,  in 
order  to  give  each  consignee  his  portion  of  it. 

In  this  connection  the  only  possible  solution  that  there  appears  to  be 
to  the  question  at  present,  is  to  furnish  sufficient  floor  space  practically 
to  pile  the  freight  in  consignment  lots,  so  that  it  may  be  reached  with 
the  least  possible  amount  of  rehandling,  other  than  that  necessary  for 
delivery  at  the  moment. 

In  Par.  25  Mr.  Fowler  makes  a  statement  that  a  single  transporting 
machine,  operated  by  one  man,  should  be  able  to  replace  at  least  16 
truckers.  In  this  connection  the  hand  truck  is  practically  a  perfect 
machine  for  the  purpose.     With  one  man  in  the  freight  car,  the  man 
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handling  the  truck  can  pick  up  and  take  away  packages  of  very  con- 
siderable bulk  and  weight.  With  the  mechanical  operation  of  carry- 
ing increased  loads  which  Mr.  Fowler  mentions,  it  would  be  necessary 
to  put  additional  men  in  the  freight  car  in  order  to  move  the  material 
from  the  freight  car  upon  the  mechanical  carrying  device,  whatever 
that  might  be.  Where  one  man  could  move  a  package  with  the  hand 
truck,  it  would  probably  take  three  or  four  men  to  move  this  same 
package  from  the  freight  ear  to  the  mechanical  carrier,  so  that  it 
would  appear  that  the  men  taken  off  the  truck  would  be  simply  turned 
into  the  freight  cars,  and  no  saving  in  cost  in  that  connection  would 
be  made.  The  same  hne  of  reasoning  would  apply  to  the  handling  of 
goods  in  the  freight  house. 

Referring  to  Fig.  1,  Mr.  Fowler  makes  the  statement  that  consider- 
able area  would  be  saved  with  such  a  mechanical  arrangement.  As- 
suming for  a  moment  that  Fig.  1  has  11  tracks  holding  10  cars  each, 
and  an  average  load  of  20  tons  per  car,  2200  tons  of  freight  could  be 
delivered.  It  would  seem  that  in  any  freight  house  the  minimum 
space  necessary  to  handle  1  ton  of  freight  is  about  25  sq.  ft.  so  that 
therefore  the  freight  house  would  require  55,000  sq.  ft.  to  handle  these 
2200  tons  of  freight.  Figuring  on  the  basis  of  the  length  of  tracks, 
it  would  be  possible  to  make  the  house  600  ft.  long,  and  it  would 
therefore  be  necessary  to  have  it  91  ft.  wide.  The  availability  of 
both  sides  of  the  house  for  trucking  would  give  1200  L.  F.  of  trucking 
space.  A  layout  consisting  of  tracks,  intertrack  platforms  25  ft.  wide, 
driveway  alongside  the  house  and  house  delivery,  would  require  about 
250,000  sq.  ft.  On  the  basis  of  the  present  system  a  business  of  2200 
tons  would  require  three  tracks  holding  37  cars  each  and  a  house 
1500  ft.  long  by  50  ft.  wide.  This  would  give  75,000  sq.  ft.  for  hand- 
ling freight.  It  would  also  give  1500  L.  F.  for  team  frontage  and  the 
total  area  required  would  be  about  150,000  sq.  ft.,  or  about  100,000 
sq.  ft.  less  property  to  do  the  same  business  than  that  which  the 
mechanical  layout  would  take,  with  300  L.  F.  more  space  for  teams. 

It  does  not  appear  that  more  than  one  carrier  could  .be  worked  to 
any  advantage  on  each  intertrack  platform,  so  that  if  all  of  these 
tracks  had  to  be  worked  together,  there  would  be  six  mechanical 
travelers  loading  and  moving  on  the  trolley  lines.  It  is  fair  to  assume 
that  at  times  all  of  these  carriers  would  get  into  the  freight  house  sec- 
tion at  the  same  time  and  it  would  be  inevitable  that  considerable 
delay  would  be  caused  to  the  moving  of  the  travelers,  so  that  the  men 
in  the  freight  house  would  be  standing  idle,  as  well  as  the  men  in  the 
cars.     With  the  present  method  of  handling  by  trucks  it  can  be  so 
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arranged  that  there  is  no  delay; it  is  a  continuous  movement,  and  with 
good  management  every  minute  of  every  man's  time  can  be  fully 
occupied. 

In  Par.  63,  Mr.  Fowler  states  that  the  freight-handling  capacity  of 
a  given  floor  space  can  be  doubled,  if  the  goods  can  be  moved  twice 
as  fast,  from  it  or  to  it.  This  cannot  possibly  be  done,  since  the 
freight  has  the  right  to  lay  on  the  floor  for  four  days  and  it  is  abso- 
lutely out  of  the  power  of  the  railroad  companies  to  expedite  its  move- 
ment. It  has  to  stay  there  until  the  consignee  calls  for  it.  It 
is  a  fact  that  most  of  the  congestion  today  at  large  terminal  freight 
houses  is  due  to  the  inability  to  get  teams  up  to  the  delivery  platforms. 
The  mechanical  arrangements  would  not  appear  to  offer  a  solution 
to  this  feature  unless  there  were  an  additional  system  of  mechanical 
handling  arrangements  which  would  carry  the  freight  from  the  freight 
house  to  the  specially  built  delivery  platforms.  By  constructing 
such  platforms,  sufficient  accommodation  could  be  made  for  back- 
ing up  teams,  but  there  would  then  be  the  delay  in  transporting  the 
freight  a  considerably  longer  distance  to  deliver  it  to  the  wagons. 
There  would  be  an  additional  burden  of  interest  on  capital  cost  for 
these  loading  platforms,  which  would  be  available  for  no  other  pur- 
pose. The  interest  on  such  investment  would  have  to  be  borne  by 
the  freight. 

In  Par.  65  Mr.  Fowler  states  that  in  many  cases  it  would  be  possible 
to  have  packages  piled  on  flatboards  to  be  instantly  removed  from 
the  teams  by  transporting  machines.  At  large  terminal  freight  houses, 
the  number  of  times  that  this  would  happen  would  be  negligible. 

In  a  general  consideration  of  this  subject,  it  should  be  noted  that 
the  railroad  companies  are  in  a  peculiar  position  in  the  matter  of 
freight  handling.  They  have  to  manage  all  classes  of  freight,  all 
sorts  and  sizes  of  packages,  under  all  kinds  of  conditions.  In  one 
car  there  might  be  a  package  of  very  smaU  bulk  that  weighs  a  ton, 
and  in  the  same  car  a  package  of  immense  bulk  that  weighs  very  lit- 
tle. These  conditions  seem  to  be  met  more  fully  by  the  use  of  the 
hand  truck  than  by  any  other  device  yet  brought  to  the  attention 
of  the  railroad  companies. 

The  various  industries  that  are  handling  practically  uniform  pack- 
ages, and  which  have  an  opportunity  to  grade  them,  do  not  appear 
to  have  adopted  a  mechanical  system  to  any  great  extent.  This 
is  the  first  field  for  development  of  the  mechanical  handling  of 
freight,  and  in  view  of  the  fact  that  the  industries  are  not  adopt- 
ing this  method  where  they  have  the  incentive  to  do  so  and  un- 
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doubtedly  the  most  probable  field  for  its  success,  it  does  not  seem  to 
me  that  much  progress  can  be  made  in  the  handling  of  freight  at 
railroad   terminals. 

J.  P,  Snow.^  While  I  do  not  want  to  be  understood  as  discouraging 
the  mechanical  handling  of  freight,  I  hesitate  to  approve  the  scheme 
described  by  the  author  as  applicable  to  the  general  problem  of  hand- 
ling L.  C.  L.  freight.  It  is  admitted  that  the  terminal  costs  far 
exceed  the  transportation  costs  even  for  long  hauls,  but  these  costs 
are  not  all  by  any  means  between  the  wagons  and  the  cars.  The 
maintenance  and  operation  of  the  yard  and  switching  organization 
forms  a  large  item. 

The  essence  of  the  scheme  ]3roposed  by  the  author  is  to  introduce 
a  carrying  system  between  the  wagons  and  tlie  cars.  Goods  must 
be  unloaded  from  the  wagon,  loaded  on  the  carrier,  weighed  either 
before  or  after  this  loading,  records  made  for  Ijilling,  unloaded  from 
the  carrier  after  their  journey  and  stowed  in  the  car.  As  against 
trucking  from  the  wagon  over  a  scale  and  direct  to  the  car,  the  truck, 
leaving  the  package  practically  stowed,  we  have  what  amounts  to  an 
auxiliary  transportation  system  with  its  two  terminals,  in  lieu  of 
the  one  simple  handling  by  means  of  trucks. 

The  objection  raised  by  the  author  to  spotting  cars  is  not  of  serious 
moment  and  is  yearly  becoming  of  less  account  for  the  reason  that 
our  cars  are  now  being  built  to  M.  C.  B.  standard  lengths.  The  days 
of  freak  cars  are  passing.  The  advantage  of  loading  cars  without 
moving  them  from  where  they  are  unloaded,  as  suggested  by  the 
author,  is  an  ideal  method  that  cannot  be  used  until  the  millennium 
of  single  ownership  is  reached ;  so  that  cars  need  not  be  rushed  back 
to  their  home  road  as  soon  as  released  from  load.  Even  in  passenger 
service,  when  the  cars  are  of  single  o'wnership,  it  is  not  possible  to 
make  nearly  so  many  train  turns  as  it  might  seem.  At  a  large  termi- 
nal with  500  trains  per  day,  only  about  50  can  be  so  turned  without 
reshifting  cars. 

The  true  field  of  a  mechanical  handling  device  is  where  the  mate- 
rial and  movement  is  uniform  and  constant,  as  in  a  manufactory 
or  where  the  distance  of  transport  is  considerable.  L.  C.  L.  freight, 
either  coming  or  going,  is  not  of  this  class  under  ordiniiry  conditions. 
At  a  wharf  or  pier-head,  where  the  tracks  are  at  right  angles  to  the 
vessel's  berth  it  is  difficult  to  reach  cars  enough  by  ordinary  trucking 
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to  receive  a  full  boat-load;  and  iiere  a  telpher  system  may  be  used  to 
advantage.  It  should  carry  the  goods  far  enough  into  the  yard  to 
reach  a  point  where  cars  can  be  readily  shifted  as  wanted.  Morc^ 
or  less  height  of  hoist  is  immaterial  in  a  good  telpher  installa- 
tion; hence  for  discharging  vessels  of  various  kinds  it  can  raise  or 
lower  through  hatches  as  well  as  transport  to  a  convenient  car  plat- 
form, and  its  usefulness  cannot  be  denied. 

The  author's  suggestion  that  railroads  deliver  goods  to  consignees 
is  well  worth  attention  by  our  managers.  An  outfit  of  motor  vans 
would  seem  to  supplement  properly  the  present  somewhat  incomplete 
equipment  of  railroads  as  common  carriers.  One  serious  trouble 
at  freight  terminals  is  the  practice  of  consignees  in  refusing  or  neglect- 
ing to  remove  their  goods  promptly  on  arrival.  If  railroads  did  the 
forwarding,  they  could  clear  the  houses  much  more  promptly.  This 
argument  applies  to  team  or  bulk  freight  as  well  as  to  house  freight. 

J.  H.  NoRRis.  During  the  past  15  years  I  have  watched  with  inter- 
est the  efforts  of  the  Bush  Terminal  Company,  Brooklyn,  to  handle 
freight.  The  property  covers  half  a  mile  of  water  front  and  nearly  a 
square  mile  of  warehouses,  and  the  proposition  of  handling  the  freight 
as  it  comes  from  the  foreign  and  coastwise  ships  does  not  to  my  mind 
lend  itself  to  the  telpher  system  as  described  by  Mr.  Fowler. 

The  goods  from  ships  are  usually  hoisted  upon  the  dock  and  are 
piled  according  to  their  marks  in  lots  for  the  examination  and  passing 
of  the  custom  inspectors.  These  goods  have  to  be  sampled  and 
weighed  by  the  government  and  are  usually  re-weighed  by  the  city 
weighers  in  the  interests  of  the  importers.  Under  these  arrangements 
the  requirements  of  freight  handling  are  rather  severe. 

In  the  first  place,  a  number  of  the  goods  are  permitted  and  delivered 
direct  to  the  importers'  trucks  on  the  dock;  other  goods  are  shipped 
in  bond  direct  in  cars  or  upon  lighters ;  while  other  goods  are  taken  to 
the  warehouses  and  stored  until  wanted. 

Fig.  3  shows  the  seven  docks,  each  nearly  1400  ft.  long,  the  ware- 
houses and  the  railroad  terminal.  From  this  it  will  be  plainly  evident 
that  a  telpher  system  capable  of  handling  freight  would  be  so  compli- 
cated and  cumbersome  as  absolutely  to  prohibit  its  use. 

After  the  incoming  freight  has  been  properly  passed  by  the  custom 
authorities  and  if  it  is  to  go  into  warehouses,  the  method  of  handling 
on  these  docks  is  to  load  it  on  small  low  trucks  that  have  been  drawn 
up  to  within  a  short  time  by  horses  or  mules  (Fig.  4),  and  to  cart  it  to 
the  warehouse  to  which  it  is  assigned. 
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The  warehouses  were  originally  equipped  with  elevators  large 
enough  to  hoist  these  trucks  to  the  floor  ik'sired,  and  a  horse  drew  it 
to  the  proper  section  where  it  was  tiered.  Within  the  last  year, 
however,  they  have  adopted  a  storage  battery  truck  (Fig.  5)  which, 
while  carrying  a  small  load  itself,  can  draw  three  of  the  other  trucks 
and  haul  them  to  the  desired  position.  Instead  of  elevators,  electric 
hoists  are  now  placed  on  the  ground  with  ropes  leading  to  blocks  over 
the  doorways  in  the  warehouses  and  the  goods  raised  and  lowered  in 
this  manner.    In  addition  to  these  fixed  hoists,  a  number  of  portable 
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Fig.    4    Horse-Drawn  Trucks  in  Use  a  Short  Time  Ago  at  the  Bush 

Terminal 

electric  ones  which  can  be  hauled  anywhere  around  the  docks  or  ware- 
houses are  in  operation. 

Beside  the  general  merchandise  coming  in  on  ships,  large  quantities 
of  cotton,  coffee  and  sugar  are  handled,  and  stored  in  the  six-story 
warehouses  along  the  river  front.  The  warehouses  in  which  the 
cotton  is  stored  are  one-story  buildings  divided  into  a  number  of 
sections  by  fire  walls  and  protected  by  sprinklers.  When  the  bales  are 
received  at  the  warehouses,  they  are  tiered  by  electric  hoists,  the 
largest  amount  of  storage  capacity  for  a  given  amount  of  space  being 
obtained  in  this  way.  Each  of  the  warehouses  has  a  siding  in  front 
of  the  door  so  that  goods  received  by  railroad  can  be  placed  opposite 
the  warehouse  in  which  they  are  to  be  stored,  and  handled  with  the 
least  possible  amount  of  labor. 
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As  large  a  jiroportion  of  iho  outgoing  freight  as  can  be  brought  to 
the  side  of  tlie  steamer  in  Ughters  is  so  handled  in  order  to  leave  the 
docks  free  for  inbound  freight.  A  great  deal  of  outgoing  freight 
however,  comes  in  carload  lots  or  in  wagons  and  trucks  and  has  to  be 
sorted,  counted  and  measured  according  to  the  l)ills  of  lading,  being 
usually  arranged  on  the  dock  in  positions  set  aside  for  its  port  of 
destination  if  the  ship  is  to  make  more  than  one  landing.  It  is  then 
mov(>d  in  the  most  convtniient  manner  to  the  side  of  the  steamer  so 
that  the  derricks  can  transfer  it  into  the  hold.  The  stevedores  along 
the  docks  of  New  York  handle  freight  of  various  styles  and  siz(^s  in  a 


Fig.  5    Storage-Battery  Trucks  Now  in   Use  at  the  Bush  Terminal 


manner  that  would  surprise  the  uninitiated,  not  a  single  unnecessary 
movement  being  made  by  any  of  them. 

In  connection  with  the  docks  and  warehouses  is  a  terminal  rail- 
road with  an  exceptionally  well  laid  out  freight  storage  yard  (Fig.  3). 
This  conccn-n  also  ojx-rates  some  model  loft  buildings  that  are  rented 
for  manufacturing  and  storage  purposes.  They  are  ecjuipped  with 
large  eh^vators  so  that  a  manufactiirc^r  rcniting  space  can  (h^liver  the 
goods  and  receive  a  bill  of  lading  at  the  door  of  his  factory,  the  Ter- 
minal Com))any  taking  care  of  shipment,  handling  it  on  the  elevators 
and  into  cars  and  making  d(>liveries  to  manufacturers  in  the  same  way. 
This  system  is  the  most  modern  and  convenient  of  which  I  have  any 


DISCUSSION     BY     H.    McL.    HARDING  1077 

knowledge,  and  is  similar  to  the  one  in  use  on  the  English  railroads. 
In  handling  freight  within  its  own  property  the  Bush  Terminal  Coin- 
jiany  employs  steam  locomotives  and  where  it  uses  the  city  streets 
electric  locomotives.  It  also  operates  a  trucking  system  for  delivering 
freight  in  and  about  the  city,  consisting  of  gasolene-motor  and  horse- 
drawn  trucks.  In  addition,  it  operates  a  marine  department,  consist- 
ing of  tugs,  car  floats,  lighters,  both  of  the  self-operated  type,  and 
barges. 

H.  McL.  Harding.^  In  general  it  may  be  said  that  the  handling  of 
freight  is  an  engineering  jir'oljlem  de])ending  more  upon  operation  and 
operative  conditions  than  upon  the  details  of  the  construction  of  the 
conveying  and  hoisting  machinery. 

A  number  of  important  manufacturing  companies  are  prepared  to 
furnish  from  specifications,  machinery  that  mil  fulfil  the  most  exact- 
ing conditions  of  freight-handling  service.  It  is,  however,  necessary 
to  study  and  understand  just  how  this  machinery  is  to  be  combined 
and  operated  to  perform  all  movements  which  are  the  result  of  long 
experience  in  freight  transportation.  These  operating  movements 
at  an  outbound  station  consist  in  unloading  drays,  assorting  in  piles 
according  to  consignments  and  classifications,  inspecting,  receipting, 
calling-out,  weighing,  scribing,  routing,  conveying,  distributing, 
checking,  car-stowage  and  re-checking.  The  following  principles 
or  rules  comprise  the  essentials  to  the  success  of  an}^  such  installation: 
a  No  rehandling,  as  exemplified  in  the  operation  of  tiering. 
b   To  cover  areas  in  the  place  of  lines.     The  machinery  to 

serve  directly  the  whole  floor  space, 
c  Continuous   rapidity   of   movements,    as   indicated  by  an 
unbroken  main  track  and  diverse  paths. 

Rehandling.  In  Par.  23  Mr.  Fowler  states,  "The  cost  of  tiering 
by  hand  is  now  prohibitive,  it  being  equivalent  to  rehandling."  Re- 
handling is  fatal  to  any  system  of  mechanical  freight  handling.  This 
has  been  recognized  by  railway  engineers  and  terminal  su])erintend- 
ents,  as  well  as  by  the  stevedores  themselves,  and  has,  in  the  past, 
constituted  the  principal  objection  to  mechanical  methods.  Mr.  Calvin 
Tomkins,  Commissioner  of  Docks,  New  York  City,  condenms  rehand- 
ling in  the  strongest  terms.  In  his  report  of  December  16,  1910, 
in  regard  to  the  problem  of  trans]iortation,  he  says:  "And  to  this 
expense  (meaning  adtlitional  land)  would  be  added  the  double  hand- 

iCons.  Engr.,  20  Broad  St.,  New  York. 
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ling  of  freight  in  tlio  terminal  building  and  at  the  water  front.  This 
I  believe  is  a  fatal  objection  to  such  a  plan.  It  was  considered  a 
fatal  objection  to  a  proposed  tunnel  plan  which  necessitated  extra 
handling." 

Some  time  ago  the  Pennsylvania  Railroad  engineeers  were  consider- 
ing the  installation  of  freight-handling  machinery  at  one  of  their 
new  Long  Island  terminals.  A  plan  of  overhead  conveying  was 
submitted  to  and  approved  by  the  consulting  engineers,  but  the  engi- 
neers of  the  railroad  refused  to  install  any  overhead  system  which 
would  require  the  rehandling  of  freight.  The  plan  which  had  been 
submitted  to  them  consisted  of  two  side  parallel  main  tracks  with 
many  cross-over  tracks,  which  were  to  be  placed  so  near  together  as 
to  grid-iron  closely  the  overhead  space.  The  necessity  of  removing  the 
freight  from  beneath  the  line  after  it  had  been  lowered,  thereby  requir- 
ing rehandling,  was  to  these  engineers  an  insuperable  objection.  Their 
criticism  was  not  in  this  case  the  large  cost,  but  rather  the  theft, 
breakage  and  damage  resulting  from  rehandling,  which  seemed  to 
them  to  be  of  more  importance  than  the  additional  handling 
expense. 

At  a  transfer  station  in  Pennsylvania,  it  was  formerly  the  practice 
to  remove  the  L.  C.  L.  freight  from  the  cars  and  place  it  in  a  large 
transfer  house  some  1200  ft.  long  by  100  ft.  wide.  When  the  cars 
were  emptied,  this  house  was  filled  with  freight,  which,  after  all  the 
cars  were  unloaded,  was  redistributed  so  as  to  give  the  maximum 
load  to  each  car  going  to  different  sections  of  the  country.  When 
a  new  superintendent  took  charge  of  the  station,  he  transferred  the 
freight  directly  from  one  car  to  another,  without  placing  it  within 
the  transfer  house,  and  effected  a  saving  of  $0.40  on  every  ton  of 
L.  C.  L.  freight  handled,  as  well  as  reducing  the  time  of  transference. 
These  figures  were  evidenced  by  comparisons  between  many  monthly 
reports  made  before  and  after  these  changes  were  effected.  Scarcely 
a  ton  of  freight  could  be  seen  in  the  building  after  the  change. 

Similar  examples  can  be  obtained  today  in  almost  all  important 
transfer  stations.  The  amount  of  freight  held  or  stored  is  generally 
less  than  2  per  cent,  and  this  is  chiefly  due  to  errors  in  routing  or 
breakage.  Every  transfer  superintendent  refers  with  pride  to  his 
present  low  percentage  of  rehandled  freight. 

Tiering.  To  tier  successfully  it  is  necessary  to  pile  the  boxes, 
bags,  barrels  and  cases  to  a  considerable  height  in  order  to  utilize 
to  the  greatest  advantage  the  space  within  the  transshipment  sheds. 
To  give  a  specific  example,  a  box,  say  3  ft.  square,  is  conveyed  and 
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lowered  by  the  hoist  of  the  overhead  carrier  upon  the  floor,  and  next 
to  tiiis  in  hue  is  placed  another  box,  and  so  on,  directly  under  the 
track  of  the  overhead  carrier.  On  top  of  this  row  it  is  possible  to 
lower  two  or  three  more  boxes,  but  above  this  there  is  a  tendency  for 
the  freight  to  topple  over.  Upon  either  side  of  this  first  row  of  boxes, 
covering  a  distance  often  of  20  ft.  to  the  right  and  left,  it  is  necessary 
to  place  and  tier  other  boxes.  It  may  be  seen,  however,  that  in  order 
to  lower  a  second,  third,  fourth  or  fifth  box  by  the  side  of  the  first,  it 
is  necessary  to  move  the  boxes  by  hand  while  they  are  being  lowered 
or  move  them  after  they  have  been  lowered.  In  some  cases  a  rope 
or  a  hook  is  attached  to  the  case  or  box  as  it  is  being  lowered  and  it 
is  pulled  to  the  right  or  left  of  the  space  directly  below  the  overhead 
line.  This  scheme  is,  however,  clumsy,  slow,  congestion-producing, 
and  is  another  form  of  rehandling. 

Area  Serving.  Mr.  Fowler  in  Par.  36,  calls  attention  to  the  impor- 
tant subject  of  area  covering  or  space  serving.  Closely  allied  with 
the  subject  of  tiering  is  this  provision  for  covering  any  and  every 
square  foot  of  floor  area  of  the  station  or  pier  with  miscellaneous 
freight  without  the  expense  of  moving  it  after  it  has  been  lowered. 

In  this  connection,  the  kind  of  receptacle  for  holding  the  freight 
when  it  is  being  transported  is  important.  Flatboards,  nets,  barrel 
hooks  and  slings  are  some  of  the  means  employed  today.  At  one 
Southern  terminal  the  slings  are  left  about  the  packages  until  they 
are  again  to  be  moved  by  machinery,  thereby  saving  75  per  cent  of 
the  labor  for  this  second  movement. 

Continuous  Rapidity.  The  third  important  principle,  continuous 
rapidity  of  the  transferring  movements,  means  that  one  train  of  four 
or  five  trailers,  each  with  its  own  electric  hoist,  as  explained  by  Mr. 
Fowler  in  Par.  60,  should  follow  one  another  so  closely  as  to  be  almost 
continuous,  but  at  the  same  time  should  consist  of  individual  train 
units,  so  that  from  the  loading  or  unloading  point  or  tracks  they  may 
pass  along  the  main  track  without  hindrance  and  to  the  loading  and 
unloading  tracks  without  stopping.  According  to  the  well-known 
practice  of  railway  engineers,  the  main  track  must  not  be  frequently 
broken  where  continuous  operation  is  desired,  otherwise  the  continu- 
ous rapidity  so  essential  to  successful  freight  handling  will  be  im- 
possible. 

To  show  the  necessity  for  continuous  rapidity  the  following  data 
from  one  station  are  of  interest.  The  number  of  dray  loads  received 
at  this  station,  only  216  ft.  long,  from  7  a.m.  to  4.30  p.m.,  was 
748. 
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Average  lb.  per  dray 1732 

Average  number  of  j)ackages  per  dra.v 18 

Number  of  packages  received 14192 

Number  of  hand-truck  loads 5702 

Average  number  of  packages  per  hand-l  ruck  load 2j 

Average  weight  per  package,  lb 91 

Average  weight  i)er  truck  load,  lb 228 

Number  of  Ib-ft 417,539,430 

Number  of  ton-feet 208,769 

More  than  lialf  of  this  was  received  in  about  3  hours.  To  handle 
such  a  number  of  packages  wthin  the  time  specified  shows  that  there 
is  no  time  for  delays,  and  one  load  must  follow  another  directly. 
This  is  not  an  exaggerated  condition  but,  if  anything,  may  be  said 
to  be  below  the  average. 
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Fk;.  G    DiAfiRAM  SHOWING.  Plan  of  CRANE-StrppoRTED  Tra^k 


Overhead  Cranes.  Numerous  devices  are  used  to  ol)viate  rehandling 
and  to  serve  areas  continuously,  the  l^est  of  which  are  slow  indeed 
in  comparison  ^\^th  the  quick  and  numerous  unit  movements  for 
freight  handling.  The  traveling  crane  is  one  class  of  electric  trans- 
fers excellently  suited  to  slio])  work;  but  it  is  too  slow  and  lacks  the  all- 
im])ortant  factor,  continuity,  for  freight  service.  If  any  machinery 
could  be  so  adjusted  as  to  retain  all  the  well-known  advantages  of 
the  crane,  and  in  addition  continuous  rapidity,  it  would  1)e  the  ideal 
system. 

Acting  upon  this  idea,  uoti^l  by  Mr.  Fowler  in  Par.  52,  crane  makers, 
notably  in  Eurojjc,  hav(!  (taused  the  traverser  of  the  single-rail  type 
of  crane  to  jiass  from  the  tracks  of  the  crane  to  and  upon  one  side 
track,  and  by  a  loo])  to  return  to  the  crane  from  the  otlier  side. 
The  great  advantage  of  this  scheme  consists  in  the  fact  that  there 
may  be  20  ti'aversers,  each  of  which  can  move  l^ehind  it  a  number  of 
trailers  with  loads.     The  cross  crane  does  not  move  with  the  load,  it 
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is  only  to  support  a  movable  track.  By  making  use,  therefore,  of 
the  crane  principle,  allowing  the  traverser  to  pass  upon  the  side  track 
and  having  a  number  of  traversers  moving  in  circuits,  always  in  the 
same  direction,  and  running  in  trains  with  a  number  of  hoists  with 
tracks  properly  arranged,  an  ideal  system  with  no  rehandling,  serv- 
ing space  and  giving  continuous  rapidity  is  evolved.  There  may 
be  several  of  these  cranes,  each  carrying  and  supporting  two  or  more 
cross  tracks.    This  method  is  illustrated  in  Figs.  6,  7  and  8. 

Referring  to  Fig.  7,  AB  and  XY  are  the  side  tracks  and  D  the  mov- 
t\h\c  cross  or  crane  track,  or  as  it  may  be  called,  a  movable  bridge 
track  between  the  side  or  main  tracks.  SS  are  switches,  whereby 
the  carrier  can  pass  from  the  fixed  side  to  the  movable  cross  track 
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Fig.  7    Diagram  showing  Arrangements  of  Movable  Cranes,  Movable 
Cross  Tracks,  Switches  and  Connecting  Tracks 


and  also  along  the  main  side  track  by  and  beyond  the  cranes.  D'  is 
the  position  of  D  after  having  been  moved. 

Fig.  8  depicts  two  movable  cranes,  four  movable  cross  tracks, 
switches  and  connecting  tracks  at  the  end.  The  direction  of  move- 
ment is  indicated  by  the  arrows.  Loads,  one  after  another,  can  be 
transferred  with  continuous  rapidity  by  many  transfer-hoists  from 
any  point  within  the  side  lines  to  any  other  point  without  rehandling. 
If  the  freight,  after  being  deposited,  is  later  to  be  moved,  it  is  left 
upon  the  flatboards  or  in  the  slings,  when  it  can  be  lifted  by  the  over- 
heatl  transfer  hoist  without  any  manual  lal)or. 

Fig.  9  shows  another  combination  with  diverse  paths.  The  outer 
line  of  the  two  side  loops  may  lie  outside  a  l)uilding,  the  walls  of  the 
building  being  within  the  closed  loops,  the  curved  ends  of  the  loops 
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corresponding  to  the  door  openings  or  entrances.  An  example  of 
this  system  may  be  found  at  the  gas  works  in  Brussels,  where  it  is 
used  to  lift  material  from  the  purifying  room  below  and  spread  it  on 
any  part  of  the  regenerative^  floor,  two  traveling  cranes  carrying  mov- 
able tracks  l^eing  used. 

At  Bromberg,  Germany,  a  traveling  pedestal  bridge  is  employed 
to  support  the  movable  loop  track.  By  this  means  buckets  of  coal 
are  shunted  from  the  track  running  parallel  to  the  building  and 
dumped  at  any  point  in  the  storage  yard,  returning  to  the  main  track 
by  the  other  side  of  the  loop  track. 


Loop  Track 


Fiu.  8    Diagram  showing  Combination  of  Crane-Supported  Tracks 


It  will  be  seen  that  terminal  freight  handling  is  a  crane  proposi- 
tion, rather  than  one  of  conveying  only,  or  preferably  a  combination 
of  the  two.  It  is  also  evident  that  line  conveying  is  greatly  limited 
and  does  not  possess  the  same  flexibility  for  terminal  work  as  the  area- 
serving  crane  modified  and  adapted  to  terminal  freight  handling. 

A  number  of  mechanical  freight-handling  plants  are  now  being 
installed  and  projected  by  railways,  chiefly  in  the  West,  as  the  Mis- 
souri, Kansas  and  Texas,  in  its  new  combined  outbound,  inbound 
and  transfer  freight  station,  in  St.  Louis,  and  soon  it  will  be  as  diffi- 
cult to  find  a  hand  truck  as  it  is  to  find  a  horse  car. 


DISCUSSION    BY    W.    B.    WATERMAN  1083 

The  essentials  of  successful  terminal  freight  handling  are,  there- 
fore, no  rehandling,  serving  areas,  and  continuous  ra])idity  in  connec- 
tion with  the  usual  operating  movements. 

W.  B.  Waterman.^  As  Mr.  Fowler  has  said,  this  problem  of 
freight  handling  is  one  of  terminals,  and  the  solution  is  not  to  be  found 
in  the  designing  of  new  machinery,  but  rather  in  the  application 
of  well-kno^^'n  devices  to  the  handling  of  freight,  and  the  designing 
of  an  entirely  new  type  of  terminal  suitable  for  use  with  machinery. 

It  is  evident  that  if  machinery  is  to  take  the  place  of  hand  labor, 
tiie  unit  load  must  be  increased  in  order  to  increase  the  capacity  of 
the  station  and  warrant  the  investment.  That  is,  instead  of  moving 
250  lb.  on  a  hand  truck  at  a  speed  of  100  ft.  per  min.,  a  load  of  1000 
lb.,  or  more  must  be  moved  with  machinery  at  a  speed  of  500  ft.  per 
min.  or  faster. 

It  has  been  stated  by  railroad  men  and  others  that  it  is  almost 
impossible,  on  account  of  the  many  classifications,  to  collect  freight 
in  order  to  obtain  a  larger  unit  load  than  is  now  obtained  by  a  hand 
truck.  This  is  especially  true  of  outbound  and  transfer  freight; 
the  present  practice  being  to  take  each  piece  or  consignment  sepa- 
rately, whether  it  is  a  small  package  or  a  piano,  and  truck  it  to  the 
proper  car.  A  truckman  is  not  allowed  to  take  packages  for  more 
than  one  car,  as  he  cannot  be  relied  on  to  put  several  packages  in 
different  cars. 

It  appears,  however,  that  the  solution  of  this  lies  in  collecting  the 
packages  for  any  one  car  into  one  lot  on  the  receiving  platform,  and 
transporting  the  collection  by  telpher  to  the  proper  car.  This  would 
give  the  desired  increased  unit  movement.  For  example,  assume  the 
usual  freight  station  accommodating  100  cars,  as  shown  in  Fig.  1. 
I  would  suggest  a  somewhat  different  arrangement  of  telpher  runways, 
as  shown  in  Fig.  9,  the  object  being  to  provide  a  sufficient  length  of 
runways  to  accommodate  enough  telpher  units  for  handling  the  ton- 
nage of  freight.  The  objection  I  find  to  layouts  similar  to  Mr.  Fowl- 
er's, and  to  a  great  many  I  have  made  and  studied,  is  that  the  telphers 
are  spaced  so  close  together,  they  cannot  move  freely  and  accident  or 
delay  to  one  unit  interrupts  the  entire  system.  In  the  arrangement 
shown  in  Fig.  9,  each  telpher  runway  over  a  platform  forms  a  closed 
loop  having  a  return  path  through  the  freight  shed.  There  are, 
therefore,  six  independent  telpher  systems,  each  one  tributary  to  the 
entire  length  of  the  shed,  and  each  loop  having  two  or  three  telpher 

1  J.  M.  Dodge  Co.,  New  York. 
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units  as  might  be  required  to  handle  the  freight.  The  total  length 
of  runways  is  7300  ft.  The  telphers  on  any  one  loop  can  serve  20 
cars,  and  1000  tons  per  day  can  easily  be  handled  by  this  system. 
There  is  not  a  switch  involved  in  the  operation  to  cause  delay  or  inter- 
ference. Nearly  every  square  foot  of  floor  space  in  the  freight  shed 
is  covered,  which,  in  the  case  of  inbound  freight  would  allow  the 
contents  of  cars  to  be  discharged  and  tiered  over  the  entire  area. 

In  the  case  of  outbound  freight,  the  idea  is  to  have  a  space  reserved 
in  the  outbound  house  of  sufficient  size  to  accommodate  about  100 
trucks  or  flatboards  to  be  picked  up  by  the  telphers.     Each  one  of 


Fiejglit  Shed 

Fk;.  9    Diagram  showing  Akrangement  of  Telpher  Runways 


these  trucks  would  represent  one  of  the  railroad  cars.  •  As  packages 
are  received  by  dray,  they  would  be  weighed  and  checked  and  classi- 
fied as  usual  and  placed  on  the  truck  representing  the  car  to  which  the 
freight  was  consigned.  As  soon  as  one  truck  was  loaded  with  a  sufl^- 
cient  number  of  packages,  all  for  one  car,  it  would  be  ])icked  u])  by  a 
telpher  and  set  down  near  tlie  proper  car  door.  Th(>  next  returning 
telpher  would  leave  an  empty  truck  in  the  space  occupied  by  the 
one  removed.  All  of  the  trucks  would  have  designated  locations 
under  the  proper  telpher  runways  tributary  to  the  cars  they  re])resent. 
The  only  hand  trucking  necessary  would  be  in  moving  freight 
between  drays  and  flat-boards,  and  this  would  be  only  across  the  shed. 
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The  space  occii])io(I  l\y  these  100  trucks,  assuming  each  8  ft.  long 
and  4  ft.  wide,  would  l)e  3200  sq.  ft.,  or  a  space  200  ft.  long  by  16  ft. 
wide.  The  flooi'  si>ace  of  an  ordinary  outbound  house  is  about  20,000 
sq.  ft.  It  does  not  seem  unreasonable  to  believe,  therefore,  that  a 
proper  terminal  can  be  designed  to  take  care  of  the  proper  number  of 
trucks.  In  this  way  the  freight  can  he  allowed  to  accumulate  on 
each  truck  until  a  sufficiently  heavy  load  was  obtained  to  warrant 
moving  it  by  machinery,  thus  obtaining  an  increasetl  unit  movement. 

While  it  would  be  desirable  to  eliminate  all  hand  trucking  and  all 
rehandling,  and  to  have  the  system  cover  every  square  foot  of  floor 
s])ace  and  be  absolutely  flexible,  it  is  not  considered  practicable  at 
the  present  time  to  fulfil  all  of  these  conditions  to  the  letter.  That 
would  mean  the  almost  instantaneous  evolution  of  a  perfect  system, 
such  as  there  is  no  precedent  for  anywhere  in  the  world.  It  is  con- 
sidered, possible,  however,  to  approach  these  conditions  so  that  per- 
haps 75  per  cent  of  hand  trucking  can  be  eliminated,  nearly  all  the 
floor  space  can  be  covered,  and  a  sufflciently  flexible  system  can  be 
evolved  (with  some  aid  from  the  hand  truck,  which  is  a  most  efficient 
machine  for  short  distances),  which  will  greatly  increase  the  capacity 
and  decrease  the  cost  per  ton  of  handling,  and  which  will  warrant  the 
investment. 

W.  J.  Barney,^ representing  Commissioner  Tomkins,  ofthe  Depart- 
ment of  Docks  and  Ferries,  New  York  City,  spoke  of  the  efforts  being 
made  to  obtain  better  shipping  facilities  for  New  York  City  by  assign- 
ing to  railways  the  docks  north  of  23d  Street  on  the  .Hudson  River, 
thus  providing  much  needed  space  for  ocean  steamships  below  that 
point. 

This  plan  included  the  distribution  of  freight  by  an  elevated  rail- 
road along  the  docks  to  the  lower  point  of  Manhattan  Island.  There 
are  many  mechanical  difficulties  to  be  met  in  connection  with  this 
plan,  and  Mr.  Barney  appealed  to  the  members  of  the  Society  to  come 
forward  in  a  public  spirited  way  as  a  number  of  engineers  have 
already  done,  with  suggestions  for  the  solution  of  these  difficulties. 

Spencer  Miller  emphasized  the  importance  of  freight  cars  with 
movable  roofs,  so  that  the  contents  might  be  hoisted  out  by  mechan- 
ical means.  The  Tehuante]iec  National  Railway  employs  such  cars, 
and  hoists  material  directly  from  the  cars  into  the  hold  of  a  ship  by  a 
complete  system  of  cranes. 

^  Dept.  Docks  and  Ferries,  New  York. 


1086  THE   MECHANICAL    HANDLING    OF    FREIGHT 

Mr,  Miller  also  referred  to  the  English  system  of  freight  shipment 
in  which  the  railroad  takes  freight  directly  from  the  premises  of  the 
ship])er  ])y  truck,  and  delivers  it  directly  to  the  consignee  in  the  same 
manner  as  is  done  by  the  express  companies  in  this  country.  He  be- 
lieved that  this  method  would  prove  economical  to  both  shipper  and 
railroad,  because  with  carefully  planned  routes  for  the  drays,  it  would 
l)e  possible  to  have  a  full  load  almost  continuously,  instead  of  hauling 
a  single  package  to  the  freight  terminal,  as  is  often  the  case  at  present. 
In  addition,  less  storage  space  would  be  r(^quired  with  the  entire  con- 
trol of  the  shipping  process  by  the  railroad  company. 

G.  H.  CoNDiCT^  held  that  economical  handling  of  freight  is  governed 
by  three  principles:  continuous  rapidity  of  movement,  serving  every 
foot  of  space,  and  no  rehandling,  and  believed  that  by  adopting  a 
combination  of  methods  now  us(>d  in  many  manufacturing  estal)lish- 
ments,  all  of  the^e  features  could  be  secured. 

DISCUSSION    AT    BOSTON 

E.  W.  Day-  wrote  that  it  was  interesting  to  note  the  similarity  of 
the  system  described  in  Mr.  Fowler's  paper  to  the  folkjwing  method 
to  be  employed  by  a  large  manufacturing  concern  for  the  handling  of 
raw  material.  The  apparatus  was  now  in  the  process  of  construction 
and  as  yet  untried.  The  problem  was  to  handle  inward-bound  freight 
in  the  form  of  cases,  casks,  kegs,  etc.,  and  to  store  it  in  a  warehouse 
of  reinforced  concrete  300  ft.  in  length  and  80  ft.  in  width,  served  by 
a  bridge  crane  of  75  ft.  span  throughout  its  length.  The  distance  from 
the  underside  of  the  crane  to  the  floor  line  was  to  be  approximately 
25  ft.  The  crane  was  to  have  a  speed  of  300  ft.  per  min.,  a  trolley 
speed  of  150  ft.  per  min.,  hoist  speed  50  ft.  per  min.,  and  a  lifting  ca- 
pacity of  5  tons. 

A  sidetrack  was  to  be  located  at  one  side  of  the  warehouse  for  its 
entire  length,  openings  being  spaced  40  ft.  on  the  centers  to  correspond 
to  the  length  of  a  car,  so  that  one  spotting  would  place  the  car  doors 
ai^proximately  opposite  the  doors  of  the  building.  A  10-ft.  unloading 
platfoi'm,  which  was  to  be  of  the  same  grade  as  the  floor  and  a  jaart  of 
the  building  itself  was  to  intervene  between  the  siding  and  building 
wall. 

>  Cons.  Mecli.  and  Eleo.  Engr.,  20  Broad  St.,  New  York. 
^Mecb.  Engr.,  Hood  Rubber  Co.,  Watertown,  Mass. 


DISCUSSION    BY    E.    W.    DAY  1087 

_A  portable  gravity-roller  carrier  was  to  be  used  from  the  inside  of 
a  car  to  the  inside  of  the  building.  In  order  that  cases  might  be  placed 
on  the  automatic  carrier  wdth  a  minimum  amount  of  hand  labor  90-deg. 
reversible  curves  would  be  used  inside  the  car.  These  cases  would 
be  delivered  by  gravity  to  the  main  floor  of  the  warehouse,  where 
they  were  to  be  weighed  separately  and,  iji  many  instances,  unpacked 
to  determine  the  net  weights.  They  would  then  be  repacked,  placed 
on  a  platform  having  a  rigid  bridle,  so  that  the  crane  operator  could 
pick  them  up  without  help,  and  transported  to  any  part  of  the  ware- 
house. A  number  of  these  platforms  would  do  away  with  any  waiting 
either  by  the  operator  or  laborers.  The  crane  would  also  serve  to 
bring  the  raw  material  to  the  point  where  it  was  to  be  started  in  pro- 
cess of  manufacture. 

In  this  scheme  the  four-wheel  hand  trucks  were  not  to  be  dispensed 
with,  since  an  overhead  track  system  of  the  monorail  type  could  not 
be  found  that  would  cover  the  ground  as  satisfactorily.  Consequently 
a  combination  of  the  two  methods  would  be  used.  The  trucks  were 
to  be  constructed  in  a  manner  such  that  they  could  be  picked  up  by 
a  crane  or  monorail-car  operator  and  transported  through  various 
distances,  in  some  cases  1000  ft.  These  trucks  were  also  to  be  used 
instead  of  shelves,  leaving  the  material  stored  to  avoid  rehandling, 
until  it  was  ready  for  use. 

With  reference  to  the  gravity  carriers,  Mr.  Day  believed  they  were 
destined  to  play  a  most  important  part  in  the  handling  of  material 
and  packages  of  all  kinds.  The  ease  and  facility  with  which  the  port- 
able types  could  be  set  up  and  operated  even  for  a  small  number  of 
parcels  was  worthy  of  note.  The  applications  of  these  carriers  in 
shoe-jobbing  houses,  wholesale  houses,  packing  houses,  brick  houses, 
smelters  and  box  factories  had  recently  been  investigated  and  in 
every  case  they  were  doing  the  work  in  an  efficient  manner  at  a  saving 
of  from  40  to  50  per  cent  over  previous  methods. 

It  had  been  suggested  that  the  present  way  of  teaming  freight  might 
be  improved,  and  in  this  connection  a  removable  automobile  body  or 
cage  that  could  be  placed  by  a  crane  on  a  four-wheel  truck  and  de- 
livered at  the  car  door  might  be  employed.  By  having  several  of 
these  bodies  an  automobile  could  deliver  one  load  at  the  freight  house, 
load  the  empty  body  or  cage  and  return  for  another.  This  would 
relieve  the  present  congestion  at  the  platform.  It  would  also  keep 
the  truck,  which  represented  a  large  investment,  in  operation  a  much 
greater  portion  of  the  time  than  is  possible  under  the  present  methods. 
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This  system,  or  something  simihir,  is  being  used  by  the  department 
stores  of  John  Wanamaker  and  R.  H.  Macy  in  New  York  City. 

D.  R.  RusHMORE  stated  that  electrical  manufacturers  in  search 
of  new  applications  for  electrical  machinery  were  giving  considerable 
attention  to  the  problems  of  freight  handling.  In  the  effort  to  reduce 
the  cost  of  living  there  are  few  places  in  which  so  large  a  saving  may 
be  made  as  in  this  field.  The  problem  must  be  studied  from  the 
standpoint  of  improving  conditions  in  the  many  terminals  which  now 
exist,  as  well  as  the  design  of  new  ones. 

The  system  described  by  the  author  has  been  in  use  for  years  in 
various  modified  forms  but  it  has  not  found  extensive  use.  A  certain 
field  of  application  may  be  found  for  it,  but  many  of  our  great  ter- 
minals woukl  find  it  difficult  to  make  use  of  the  overliead  telpher  sys- 
tem because  of  lack  of  space. 

In  our  large  cities  it  is  necessary  to  consider  also  the  hauling  of 
freight  to  and  from  the  station.  Signs  seem  to  indicate  that  this  will 
be  done  in  New  York  and  Chicago  by  underground  subways.  Elec- 
tric vehicles  are  replacing  the  horse  as  a  means  of  trans])orting  freight 
in  city  streets  and  are  of  great  help  in  facilitating  the  transmission  of 
freight  because  they  carry  heavier  loads  and  move  faster.  Another 
notable  development  is  the  recent  adoption  of  baggage  trucks  oper- 
ated by  electricity  at  a  number  of  important  terminals. 

The  proposal  to  construct  cars  so  that  freight  may  be  lowered  in 
from  the  top  is  not  a  new  departure  in  the  handling  of  commodities, 
but  simply  an  extension  of  the  methods  used  in  the  department 
store  and  the  factory  for  handling  packages,  and  in  the  handling  of 
ore,   coal  and  grain. 

R.  H.  Rogers^  held  that  it  was  important  not  to  underestimate  the 
efficiency  of  the  hand  truck  for  handling  freight.  The  truck  is  a  lever 
of  the  first  class,  practically  loads  itself,  may  be  trans])ortetl  up  and 
down  fairly  steep  inclines  and  when  it  reaches  its  destination  a  very 
simple  movement  unloads  it  and  deposits  the  cargo  practically  in  the 
space  assigned  to  it.  The  stevedore  and  the  truck  form  a  complete 
unit  with  just  enough  brains  to  conduct  the  freight  to  the  proper 
place. 

With  the  telpher  or  similar  systems  it  would  seem  that  the  extra 
time  necessary  to  load  the  carriers  over  that  for  a  truck,  added  to 

1  General  Electric  Companj',  Schenectadj',  N.  Y. 
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the  extra  time  needed  to  unload  over  that  requh-ed  for  a  truck,  plus 
the  additional  distancf^  it  is  necessary  to  go  with  a  conveyor  of  this 
tj^pe  as  compared  with  the  direct-trucking  system,  will  constitute  a 
handicap  in  time  and  lal)or  that  will  be  difficult  to  overcome  with 
speed  and  large  loads. 

Mr.  Rogers  further  expressed  his  belief  that  the  average  freight 
terminal  with  strings  of  cars  side  by  side  and  connected  by  short 
gangAvays,  is  a  very  compact  arrangement,  permitting  a  trucker  to 
go  almost  directly  to  the  car  for  which  his  freight  is  intended.  To 
make  use  of  the  transporter  system,  it  is  necessary  to  extend  the  yard 
and  introduce  a  platform  lietween  each  two  strings  of  cars,  with  addi- 
tional space  if  the  first  track  is  moved  away  from  the  station.  Hence, 
there  is  not  only  a  greater  distance  to  travel  because  of  the  layout 
of  the  tracks,  but  also  a  greater  area  to  cover. 

Instances  were  cited  by  Mr.  Rogers  in  which  the  cost  of  handling 
freight  of  various  kinds  ranges  from  SO. 07  to  $12  per  ton  and  he  also 
called  attention  to  the  fact  that  a  great  percentage  of  consignments 
are  small,  while  many  of  the  large  ones  must  be  broken  up  for  ship- 
ment in  different  cars.  Under  these  conditions  it  is  difficult  to  make 
up  the  large  units  required  for  conveyance  at  low  cost. 

If  all  these  conditions  are  considered,  the  present  methods  are  more 
efficient  than  they  seem  to  be.  However,  the  difficulties  are  becom- 
ing greater  and  the  time  is  approaching  when  nearly  all  of  this  work 
will  be  done  by  electrical  or  mechanical  means. 

F.  W.  HoEGDON^  described  the  method  used  for  handling  raw  sugar 
by  the  Spreckles  sugar  refinery  of  Philadelphia.  The  bags  are  dis- 
charged from  the  steamer  down  a  gang-plank,  and,  after  being  inspected 
and  weighed  by  the  government,  are  carried  over  the  wharf  to  the 
warehouse  and  piled  up.  The  overhead  telpher  system  in  use  12 
years  ago  is  similar  to  that  advocated  by  the  author  and  seems  to 
be  the  best  for  this  class  of  freight,  although  it  is  suitable  for  any  kind 
of  package  freight.  Another  advantage  of  the  telpher  system  is 
that  it  provides  more  storage  room  for  delayed  goods. 

]\Ir.  Hodgdon  also  mentioned  the  difficulties  of  preparing  and  hand- 
ling loads  for  the  carriers  and  emphasized  the  necessity  of  loading  cars 
bj'  overhead  methods. 

R.  E.  Curtis  thouglit  that  the  journey  of  the  package  should  not 
stop  on  the  ])l;itform,  but  that  mechanical  means  should  be  provided 

1  Engineer,  Harbor  and  Land  Commission,  Boston,  Mass. 
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for  taking  it  from  the  car  or  placing  it  in  the  car  without  a  stop. 
The  business  of  a  railroad  is  the  selling  of  transportation,  which  should 
be  done  as  promptly,  directly  and  automatically  as  possible,  and  any 
break  in  the  journey  means  loss  in  efficiency.  Perhaps  20  per  cent 
of  the  motive  power  used  on  railroads  is  engaged  in  switch  service, 
and  the  casualties  to  men  and  property  in  railroad  yards  equal,  if 
they  do  not  exceed,  those  which  occur  on  the  road.  Any  saving  that 
can  be  made  in  swdtching  is,  therefore,  of  great  importance. 

Three  things  must  be  done  before  it  will  be  possible  to  attain  the 
greatest  efficiency:  (a)  the  consolidation  of  transportation  companies 
must  be  brought  to  the  including  of  express  drayage  and  other  auxil- 
iary transportation  agencies,  thereby  eliminating  much  of  the  delay 
at  various  points;  (b)  a  better  method  of  grouping  the  smaller  ship- 
ments must  be  adopted,  either  by  improving  the  packages  in  which 
they  are  contained,  or  by  some  method  of  handling  them  to  and 
from  the  cars  in  large  quantities ;  (c)  a  free  interchange  of  cars  must  be 
arranged  so  that  the  diversion  and  misrouting  of  cars  may  be  elimi- 
nated. Although  these  improvements  cannot  be  made  immediately, 
progress  toward  the  best  efficiency  must  be  in  these  directions. 

J.  P.  Snow  sympathized  with  Mr.  Rogers  and  commended  his  ideas 
to  anyone  who  was  enthusiastic  over  the  mechanical  handling  of 
freight,  so  far  as  railroad  business  was  concerned.  In  reference  to  the 
alleged  difficulty  of  spotting  cars,  he  thought  the  tendency  was  now 
to  build  cars  of  uniform  length,  and  when  that  desired  end  was  reached, 
the  spotting  of  cars  would  no  longer  be  necessary. 

Freight  for  a  certain  locality  must  be  delivered  by  teams  at  a  certain 
door.  This  brought  the  freight  to  the  car  in  which  it  was  to  be  shipped 
and  the  trucking  distance  was  very  short,  especially  if  there  were 
several  lines  of  cars  to  load  into — three,  four  or  five,  as  mentioned  in 
the  paper — and  the  freight  was  transferred  from  the  house  into  the 
cars  very  quickly. 

In  his  opinion  it  was  not  advisable  to  store  outbound  freight. 
Shippers  took  no  pains  to  ship  their  material  in  carload  lots  and  frac- 
tional loads  were  bound  to  occur  unless  unreasonable  delay  was  in- 
volved. He  thought  the  idea  suggested  by  Mr.  Fowler  that  the 
railroad  should  operate  vans  to  deliver  freight  to  owners  a  good  one 
and  hoped  it  would  be  brought  about  sometime. 

As  to  the  mechanical  handling  of  freight,  it  seemed  best  when 
adapted  to  water  terminals  where  vessels  lie  at  right  angles  to  the 
track.     At  such  terminals  the  tracks  are  necessarily  dead-end.     If 


DISCUSSION  1091 

the  vessel  lies  along  the  end  of  the  wharf  the  freight  must  be  tracked 
a  long  distance  in  order  to  get  it  into  a  sufficient  numb(T  of  ears,  and 
it  was  difficult  to  make  shifts  and  get  the  loaded  cars  out  and  the 
empty  ones  in  if  it  had  to  be  done  while  the  vessel  was  being  dis- 
charged. Some  system  like  the  telpher  is  splendidly  adapted  to 
these  conditions  and  he  thought  that  was  the  place  for  the  railroads 
to  try  it. 

For  a  layout  of  tracks  and  piers  as  shown  by  the  author,  he  believed 
the  storage  battery  trucks  as  used  for  baggage  at  many  terminals 
were  far  preferable  to  an  overhead-carrier  system. 

F.  B.  Freeman^  called  attention  to  the  fact  that  the  mechanical 
handling  of  freight  at  the  railroad  terminal  is  quite  a  different  prob- 
lem from  that  presented  by  a  manufacturing  establishment.  In 
industrial  plants,  the  packages  are  largely  of  the  same  kind,  and  can 
therefore  be  handled  in  groups  and  large  lots.  Such  conditions  are 
very  favorable  to  handling  by  mechanical  means.  At  the  railroad 
freight  house,  however,  practically  every  package,  whether  large  or 
small,  must  be  weighed  separately,  and  immediately  delivered  to  the 
proper  destination  car. 

Under  these  conditions,  it  does  not  seem  possible  to  handle  large 
lots  to  advantage,  nor  can  freight  be  tiered  to  any  great  extent,  be- 
cause it  must  all  be  accessible  for  prompt  delivery  to  the  consignee 
when  called  for. 

G.  H.  Eaton^  stated  that  as  a  traffic  man  he  dealt  directly  with 
the  public,  and  consequently  received  all  the  complaints.  His  ex- 
perience in  dealing  with  questions  of  delay  had  shown  that  the  trouble 
is  generally  with  the  handling  facilities  of  the  terminals  at  interme- 
diate points  of  transfer,  rather  than  at  the  originating  point.  He  also 
believed  that  the  railroad  should  discourage  the  holding  of  goods  in 
storage,  rather  than  increase  their  facilities  for  doing  so. 

Most  of  the  trucking  at  freight  terminals  does  not  exceed  25  to 
50  ft.,  whereas,  at  water  terminals,  the  distance  is  considerably 
greater  and  mechanical  handling  should  therefore  be  first  tried  under 
these  conditions. 

G.  T.  Sampson^  called  attention  to  the  fact  that  one  of  the  first 
rules  of  railroading  is :  In  case  of  doubt  take  the  side  of  safety.    This 

1  Ch.  Engr.,  Boston  &  Albany  R.  R.  Co.,  Boston,  Mass. 
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rule  holds  throughout  the  entire  organization,  and  prevents  or  at 
least  curtails  the  first  adoj^tion  of  new  and  imtried  methods.  Where 
trains  must  be  operated  with  unfailing  regularity,  the  system  for 
handling  freight  must  be  flexible.  This  is  one  of  the  strong  points 
of  the  hand-trucking  system,  since  it  permits  the  shifting  of  men  and 
trucks  to  suit  the  condition  of  the  work.  This  system  cannot  be  dis- 
placed until  another  method  is  found  just  as  prompt  and  regular. 
Mechanical  handling  can  only  be  fairly  tried  and  tested  in  an  exten- 
sion to  an  existing  large  city  terminal,  where  the  kind  and  volume 
of  traffic  is  regular  and  continuous,  and  by  a  corporation  financially 
able  to  make  the  trial,  even  if  it  should  prove  unsuccessful. 

Mr.  Sampson  believed  that  any  successful  system  for  the  mechan- 
ical handling  of  freight  must  be  as  efficient  as  the  cash-carrier  system 
in  a  department  store,  and  it  must  operate  from  the  team  to  the  car 
as  surely  as  the  small  package  containing  the  sales  slip  goes  between 
the  cashier's  desk  and  the  salesman  at  the  counter.  The  real  problem 
seems  to  be  the  design  of  a  mechanical  device,  which  will  operate  with 
the  same  certainty,  whether  loaded  with  a  bulky  single  article  weigh- 
ing in  hundred  weights  or  with  an  accumulation  of  small  packages. 

Congestion  of  the  incoming  freight  is  due  to  the  failure  of  the  con- 
signee to  remove  his  goods  promptly,  and  tliis  forms  one  of  the  strong- 
est arguments  for  the  delivery  of  goods  by  the  railroa<l  with  their 
own  drays  direct  to  the  consignee. 

G.  E.  Emmons.^  said  that  during  the  ])ast  two  3^ears  they  have 
erected  two  large  buildings  which  are  to  be  used  exclusively  for  stor- 
ing material;  one  for  finished  apparatus,  the  other  for  raw  materials. 
In  both  cases  the  buildings  arc  equijiped  with  tracks,  overhead  trol- 
leys, single  Coburn  tracks,  elevators,  and  in  the  case  of  the  storehouse 
for  finished  apparatus,  with  an  outside  gantry  crane  which  spans 
the  space  covered  by  two  loading  platforms.  In  common  with  others, 
they  realized  that  there  is  a  large  expense  involved  in  the  handling 
of  freight,  and  are  doing  all  they  can  to  minimize  it. 

1  Mgr.,  General  Electric  Co.,  Schenectady,  N.  Y. 


A  (  OISIPARISON   OF  AIR-BRAKING   SYSTEMS 
FOR  URBAN  ELECTRIC  RAILWAY  CARS 

A  meeting  of  the  Society  was  held  in  St.  Louis  on  February  7, 
1912,  in  which  other  engineering  societies  having  representatives  in 
that  city  were  invited  to  cooperate.  A  paper  on  A  Comparison  of 
Air-Braking  Sj^stems  for  Urban  Electric  Railwa^^  Cars,  by  Charles 
W.  Young  and  Charles  A.  Hobein,  both  of  the  United  Railways 
Company  of  St.  Louis,  was  read  by  the  latter,  describing  the  two 
systems,  individual  compressor  and  storage,  commonly  used  for 
single  cars  in  modern  city  service,  with  data  on  investment,  opera- 
tion, maintenance  and  depreciation  costs. 

The  paper  is  confined  to  the  discussion  of  the  straight  air  system, 
as  the  only  system  used  for  single  cars.  This  system  allows  the 
operator  to  admit  air  directly  to  the  brake  cylinder  through  the 
medium  of  an  opera cing  valve  located  in  the  motorman's  cab.  The 
release  is  likewise  governed  by  the  same  valve.  Two  systems  of 
straight  air  equipment  are  in  use.  In  the  individual  compressor 
system  the  compressor  is  carried  directly  on  the  car  and  automatically 
maintains  a  constant  pressure  in  the  service  reservoir,  while  in 
storage  air  systems  the  air  is  compressed  to  a  high  pressure  in  stations 
located  in  various  buildings  along  the  different  car  lines,  and  large 
storage  tanks  carried  on  the  cars  are  charged  by  the  use  of  street 
valves. 

All  equipment  beginning  with  the  service  reservoir  is  practically 
the  same  with  both  systems.  The  service  reservoir  is  a  tank  about 
14  by  33  in.  carried  suspended  underneath  the  car,  and  holding  air 
for  use  directly  in  the  brake  cylinders  at  a  pressure  usually  about  55 
lb.  The  service  reservoir  is  connected  directly  with  the  operating 
valve  through  suitable  piping.  Two  types  of  operating  valves  are 
used:  the  Westinghouse  valve,  consisting  of  a  simple  slide  valve  oper- 
ated by  means  of  a  rack  and  pinion,  and  the  National  Brake  and 
Electric  Company  valve,  consisting  of  two  poppet  valves,  one  for 
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admission  and  one  for  exhaust,  and  a  slide  valve  to  govern  the  rate 
of  admission  of  air  and  the  rate  of  release  from  the  brake  cylinder. 

It  is  common  practice  to  make  the  shoe  pressure  equal  to  the  weight 
upon  the  wl  eel.  Theoretically  it  might  b(  made  about  three  times 
the  weight  upon  the  wheel,  but  it  is  impossible  to  train  the  motormen 
to  make  such  practice  safe  from  the  operating  standpoint.  The 
standard  brake  shoes  of  the  United  Railwfiys  Company  of  St.  Louis 
are  made  of  cast  iron  with  chilled  inserts,  run  about  4000  or  5000 
miles,  weighing  when  new  about  25  lb.,  and  when  scrapped  about  13 
lb. 

The  car  compressor  in  the  individual  compressor  system  is  of  the 
single-acting  duplex  type,  with  the  motor  bolted  directly  to  the 
compressor  case,  and  is  designed  to  have  the  full  voltage  applied 
when  at  a  standstill. 

TABLE  1     RELATIVE  ADVANTAGES  OF   INDIVIDUAL   COMPRESSOR  AND 
STORAGE    SYSTEMS 


Interest  at  G  per  cent. 

Taxes 

Depreciation 

Operation 

Maintenance 


Storage 
System 


1118,803.90 
3,463.20 

17,835.97 
105,276.60 

32,884.92 


Individual 

Compressor 

System 


$26,628.05 

4,906.00 

34,172.66 

70,820.11 

36,750.52 


Investments. 


$178,264.59 
313,398.44 


$173,277.34 
443,800.84 


In  adopting  a  system  of  air  brakes  there  are  several  factors  to  be 
taken  into  account,  such  as  first  cost,  which  is  often  the  determining, 
factor,  total  annual  cost,  and  reliability. 

Table  1  gives  a  summary  of  several  tables  presented  by  the  authors 
to  show  the  relative  advantages  of  both  systems  from  the  stand- 
point of  the  original  investor  and  operator.  It  is  based  on  an  air 
equipment  for  a  total  of  1372  cars. 

From  the  report  of  the  Electric  Railway  Test  Commission  it  ap- 
pears that  the  electric  energy  required  to  compress  a  cubic  foot  of  air 
is  5.49  watt-hours  in  the  storage  system,  and  3.99  watt-hours  in  the 
motor-compressing  system.  This  results  from  the  greater  efficiency 
of  the  process  of  compressing  the  air  directly  to  the  pressure  at  which 
it  is  to  be  used.  The  difference  between  the  electric  energy  used 
for  braking  in  the  two  cases  shows  practically  the  same  advantage 


COMPARISON    OF    AIR    BRAKE    SYSTEMS  1095 

in  favor  of  the  motor  compressor  system,  due  to  the  fact  that  the 
air  is  more  economically  compressed,  and  delivered  more  economic- 
ally to  the  brake  cylinders.  In  the  storage  system  more  air  is  required 
from  the  fact  that  it  is  carricnl  on  tl  e  cars  at  a  high  pressure  and 
leakage  is  difficult  to  avoid.  In  deciding  upon  the  system  to  be  used 
in  any  case,  therefore,  the  question  at  issue  is  whether  or  not  there 
is  a  saving  in  interest  and  maintenance  in  the  use  of  the  storage 
system  which  will  offset  the  greater  efficiency  following  from  the 
use  of  the  other  equipment.  The  tests  of  the  commission  on  the 
storage  system  in  St.  Louis  brought  out  the  fact  that  95  per  cent 
of  the  air  compressed  reached  the  cars. 

In  the  discussion  which  followed  the  reading  of  the  pa]  er,  Richard 
McCuLLOCH^  pointed  out  that  the  storage  system  can  not  be  run 
economically  on  long  interurban  lines,  but  might  be  used  to  advan- 
tage in  a  smaller  city  of  perhaps  50,000  to  100,000  inhabitants, 
where  all  the  lines  pass  one  point,  especially  if  this  point  be  in  the 
neighborhood  of  a  power  station. 

The  following  also  participated  in  the  general  discussion:  John 
Hunter,  F.  A.  Berger,  G.  W.  Lamke^,  A.  S.  Langsdorf^  M.  L.  Holman, 
Jacob  D.  Von  Maur^,  and  L.  C.  F.  Metzger^.  The  paper  was  illus- 
trated by  numerous  lantern  slides. 

^  Vice  Pres  and  Genl.  Mgr.,  United  Rwys.  Co. 

2  Instructor  Elec.  Engrg.,  Washington  Univ. 

3  Dean,  School  of  Engrg.,  Prof.  Elec.  Engrg.,  Washington  Univ. 
■•  Supt.  of  Distribution,  Laclede  Gas  Lt.  Co.,  St.  Louis,  Mo. 

'  Asst.  Engr.,  Terminal  R.  R.  Assoc,  St.  Louis,  Mo. 
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The  aim  of  the  Foreign  Review  is  to  present,  within  the  available 
space,  the  main  data  contained  in  the  article  indexed.  Where  pos- 
sible, refereiK?e  is  made  to  English  or  American  publications  con- 
taining fuller  information  on  the  subject  treated.  Measures  are 
given  both  in  original  units  and  their  English  equivalents.  In 
many  instances,  engravings  and  tables  are  reproduced.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  Articles  are 
classified  as  c  comparative ;  d  descriptive ;  e  experimental ;  g  general ; 
h  historical;  m  mathematical;  p  practical;  t  theoretical.  Articles  of 
exceptional  merit  are  rated  A  by  the  reviewer. 

Air  Machinery 

Co.MPREssED  Air  IlAitAtER  WITH  DouBi.E  I'iSTON  {Luftdruckhammer  mit 
Doppelkolben,  Seb.  Schuster.  Der  praktische  Maschincn-Konstruckteui , 
May  9,  1912.  1  p.,  'A  figs,  and  1  plate  of  drawings,  d.)  Description  of 
what  is  said  to  be  the  largest  compressed  air  hammer  in  existence,  built  by 
Richard  Ilerz  Co.,  Vienna,  Austria. 

Air  Filters  and  Their  Industrial  Applications  {Lcs  Filtres  a  air  et 
Icitrs  applications  industrielles,  R.  T.  Serrure.  Fer  ct  Acicr,  April,  1912. 
G  pp.,  10  figs.  (Z).  Description  of  existing  types  of  air  filters,  and  brief 
discussion  of  their  application  in  metallurgy,  electric  plants,  and  for 
hygienic  purposes. 

Cost  Accounting 

Expense  Burden  in  Mechanical  Construction  (Lcs  Frais  g6n6raux 
dans  la  construction  m^canique,  L.  Dubus-Delos.  Techniqiic  moderne, 
May  15,  1912.  3  pp.  p).  The  author  is  opposed  to  distributing  the  expense 
burden  per-man-per-hour-of-work,  but  thinks  that  it  ought  to  be  distributed 
per  tool,  in  accordance  with  the  work  done  by  it,  and  the  expense  actually 
involved.  A  tool  setter's  hour  of  work  does  not  require  as  much  expense 
burden  as  an  hour  of  work  of  a  man  at  a  large  lathe,  owing  to  the  differ- 
ence in  ix)wer  consumed,  depreciation  of  the  expensive  tool,  room  occupied 
I)y  the  tool,  etc.  (This  is  practically  the  same  system  as  that  proposed  by 
Sterling  H.  Bunnel,  T]tc  Journal,  December  1911,  p.  15.57.)  The  article 
gives,  as  an  illustration,  the  application  of  this  uietliod  to  the  cases  of  two 
shops :  one  of  35,  and  the  other  of  lUO  men. 
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Firing  and  Fuel 

rill.l/.ATlON   OF  ('()Ar,-TAK  Oil.  VOH  IIkATING   AND  I'OWER  PRODUCTION      {TceV- 

olrrnrcrttdii/  fiir  Jlciz-  mid  K nijizircckr.  It.  Ilansciifelder.  Stnhl  und 
Fji.svu,  Miiy  !),  1!)12.  11  pji..  20  li.us.  diD.  Tlic  article  is  devoted  mainly 
to  the  dt'Scrii)lion  of  fiinidcrs  and  fiiniacc  <ii)pli(inccs  for  hurning  coal-tar 
oil.  iKiplitlialin,  etc.  'ilie  productiou  of  coal-tar  oil  rose  during  the  last  five 
years  iu  Geriiiaiiy  from  ino.OCM)  tons  to  400,(100  tons,  and  new  uses  had  to 
!)(■  found  for  it:  hence  the  experiments  (now  successful)  with  its  use  as  a 
fuel.  Its  application  is  especially  wide  in  metallurgical  plants  for  puddling 
furnaces,  mixers,  >Siemens-Marlin  furnaces,  and  for  enriching  blast-furnace 
gases  where  they  are  used  foi-  ])ower  ])roduction.  It  is  also  used  in  tlie 
Diesel  motor  ( Cp.  'I'lic  .Journal,  June  1012.  p.  OO'J).  The  author  is.  how- 
ever, against  the  use  of  raw  coal-tar  as  fuel,  liecause  it  contains  up  to  10 
per  cent,  water  which  has  to  he  paid  for.  carried,  and  freighted  as  tar, 
and  which  is  useless,  or  even  liarmful,  in  combustion.  It  is  further  only 
a  raw  material,  and  contains  valuable  elements  wliich  may  be  extracted  as 
by-products,  but  which  are  lost  when  the  tar  is  consumed  as  fuel.  The 
coal-tar  is  not  well  adapted  to  be  used  as  a  fuel,  at  least  In  the  present 
furnace,  becaiise  it  is  viscous,  and  apt  to  clog  the  nozzles;  also,  notwith- 
standing many  experiments  in  this  direction,  it  cannot  be  used  in  a  Diesel 
engine  with  any  reliability  of  oi)eration. 

Coal-Tar  Firing  plant  constriktkd  by  Miller  and  Korte  {Die  Tccr- 
frticruii!/  ron  MiiUcr  d-  Korte.  Zcits.  fiir  nainpfkcsscl  und  Afasriiinrn- 
hctrich,  May  17,  1912.  l^j  pp.,  2  tigs.  d).  Descripticm  of  a  water  tube 
boiler  adapted  for  coal-tar  oil  firing,  and  data  of  tests  of  same.  The  coal- 
tar  Hring  is  a  very  important  i)roMem  for  the  (Jerman  engineers,  owing  to 
the  large  amount  of  this  material  obtained  as  :i  by-]irodnct  of  the  gas  and 
coke  industries,  and  absence  of  local  i^etrolenm  oil  industr.v.  In  the  tests 
it  was  found  that  the  coal  tar.  with  a  heating  value  of  S2.",(l  V\'E  \)ev  kg. 
(14,S00  b.t.n.  per  lb.),  evaporated  from  0.."!  to  O.Cf.  kg.  ()f  walt'r  ]>cr  kg.  of 
combustible,  the  l)oiler  eliicient'y  lieing  from  71. (i  to  7.~i.2  per  cent. 

Utilization  of  Hot  Exiiaist  (Jases  from  Blast  Furnaces  for  the 
Production  of  STEAjr  (Die  ^'<•rlr(^rt^tn^|  dcr  hcifiscn  Ahi/asc  ron  Flaniniilfcn 
zur  DainpfcrzciKjiin!/.  F.  Peter.  HtaJil  und  Eiscn,  May  K!,  1012.  0  p.  g). 
The  author  refers  mainly  to  puddling  and  reheating  furnaces.  The  metal  in 
these  furnaces  is  heated  in  most  cases  to  800  to  1200  deg.  cent.  (1472  to 
2102  deg.  fahr.)  ;  in  order,  however,  that  the  metal  may  reach  such  a  tem- 
I)erature  the  temperature  of  the  hearth  nuist  be  considerably  higher,  and 
so  must  be  the  temperature  of  the  exhaust  gases.  The  efficiency  of  such  a 
furnace  is  therefore  very  low,  an'd  may  be  expressed  by 

'a 

where  ^  is  the  efficiency  of  the  furnace,  ^n  initial  temperature,  and  t<-  final 
temperature  of  the  hearth.  For  /a  —  140O  deg.  cent.  (2r)rt2  deg.  fahr.),  and 
tfl  =  1000  deg.  cent.   (1S,S2  deg.  fahr.),  the  efiiciency  is 

1400-1000 

<p  =  - =0.29 

1400 
or  about  30  ]ier  cent,  and  even  thai  is  not  the  real  etticiency,  since  the  above 
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calculation  decs  not  lake  into  coiisidcral  ion  radiation  and  condnciiun  losses. 

The  author  s,'ocs  fully  into  the  (iU(>stion  whether  oi-  not  an  alteniiit  to 
utilize  the  heat  of  exhaust  ,t,Mses  would  interfere  with  the  in-oiier  irorkuHj 
iif  llic  siiKilccstiick.  and  finds  tliat  tiie  weijilit  of  .ijases  carried  olT  l)y  the 
stack  remains,  within  certain  limits,  imictically  constant,  not withstandin;.; 
sonu'  variations  in  the  temperature  of  the  exhaust  fjases.  'i'he  coolinu;  of 
tiie  gases  hy  the  utilization  of  their  heat  for  the  jirocUiction  of  steam  will 
tiierefore  not  interfere  witli  tlie  working  of  the  stack,  provided  that  tlio 
draft  of  the  stack  Is  still  strong  enough  to  overcome  all  the  resistances  and 
to  give  tlie  gases  a  sutlicient  velocity.  Since  in  tlie  majority  of  cases  the 
draft  is  anyhow  thi'otllcd  hy  ;i  dainper.  the  utilization  of  the  heat  can  have 
no  ill  cfftMt  on  the  working  of  tlie  furnace. 

if  the  hoilei'  plant  utilizing  the  heat  could  he  constructed  right  on  tlie 
reheating  furnace,  the  clliciency  of  utilization  would  he 

li  a 

where  /':,   is  the  initial,  and   I'r  the  final   temperature.     Taking  usual   con- 
ditions,  the  etticiency  would  1h> 

1000-300 

=  0.70 


1000 

Actually,  however,  the  hoilcr  plant  will  not  he  phiecd  riglit  on  the  reheating 
furnace,  hut  some  distance  away,  and  the  efllciency  will  therefori'  he  lower, 
prohahly  ahout  tiO  per  cent.  The  change  in  the  total  etiicleucy  of  the  plant 
is  therefore  raised  from  ;5()  pi>r  cent  theoretical  to  SO  per  cent  theoretical, 
or  from  ahout  20  per  cent  actual  to  more  more  than  60  per  cent.   ' 

The  next  thing  to  he  considered  is  the  fuel  and  its  utilization.  It  is 
very  important  in  a  reheating  furnace  that  the  gases  have  a  certain  com- 
position, so  as  not  to  injure  the  metal  hy  excessive  oxidation.  This  makes 
it  preferahle  t(t  admit  to  the  furnace  too  little  rather  than  too  much  air, 
loss  of  fuel  due  to  incomplete  comhustion  heing  preferahle  to  possihle 
loss  of  the  metal  due  to  excessive  oxidation.  The  amount  of  this  loss  of 
fuel  depends  on  the  construction  of  the  furnace  and  conditions  of  operation, 
hnt  the  author  has  found  in  one  case  not  less  than  (!  per  cent  of  carhon 
monoxide  in  the  exhaust  gases  of  a  reheating  furnace,  while  M.  Phillips 
(Stahl  11)1(1  Ei.scii.  January  4,  1912,  p.  12)  found  as  much  as  9  per  cent 
carliou  nifuioxide  in  a  semi-producer  t.vpe  furnace  exhaust  gases. 

The  use  of  exhaust  gases  for  the  ])roduction  of  steam  is  more  economical 
than  for  preheating  feedwater  or  superheating  steam.  In  the  first  case 
the  dilTerence  between  the  temperature  of  the  gases  and  water  is  great,  and 
either  only  part  of  the  heat  in  the  gases  will  be  used,  or  a  very  large 
amount,  more  than  is  required  in  a  steel  plant,  will  have  to  be  preheated. 
Sui)erheating  of  steam  hy  exhaust  gases  can  he  easily  done,  but  its  economy 
is  impaired  hy  the  fact  that  the  working  of  the  furnace  does  not  alwa.ys 
happen  at  the  rate  that  steam  is  wanted.  With  a  slight  demand  for  steiim 
it  may  he  sniierheated  too  much,  while  the  oi)])osite  may  ha])]ien  when  the 
demand  for  steam  is  too  large.     The  article  is  to  he  continued. 

Internal  Combustion  Engines 

lti:i'OHT  OK  AX  LWF.STKiATlON  OF  A  I'F,AT-(tAS  PlANT  OF  THE  (t/JrI.ITZ 
iiACIIIXF     AND    l'''0UNnHV     COMPANY      (liciiclll     i'lbcr    (lie     I  '  II  ti  isiicit  l(  im    ciiirr 
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Torfgasanlage  der  Gorlit^er  MascJiinenhauanfitnIt  uml  Eiscngiesserei  A.-G.. 
II.  Baer.  Zeits.  cles  Vereiiics  dentschcr  Ingenieure,  April  G,  1912.  4  pp.. 
12  figs.  de).  Description  and  data  of  tests  of  a  Gdrlits  peat-gas  producer 
and  gas  engine,  witli  drawings  of  the  latter  (for  a  full  description  see 
Zcits.  dcs  Vereines  dvutsvher  Ingenieure,  1911,  p.  3()S  ft".,  Ileinz  Die  Aus- 
nutzung  unserer  Torfmoore).  The  most  interesting  part  in  the  construc- 
tion of  the  producer  is  the  care  taken  to  prevent  the  escape  of  heat,  which 
is  very  important  in  this  case  owing  to  the  considerable  cousumption  of 
heat  in  the  evaporation  and  decomposition  of  the  water  in  the  peat.  Air 
is  introduced  into  the  producer  in  two  streams,  one  through  the  produce- 
jacket  so  as  to  take  up  the  heat  of  radiation,  and  the  other  in  such  a  way 
as  to  lie  strongly  preheated  by  the  gases  produced.  The  arrangement  is 
so  efficient  that  during  the  tests  at  the  P^ast  German  Exhibition  in  1911  in 
I'osen  the  cylinder  jacket  and  gas  outlet  pipe  were  found  to  be  only  hand- 
warm.  The  tar-containing  parts  of  the  fuel  are  consumed  in  the  producer 
itself,  while  the  gases  of  incomplete  combustion  and  products  of  distillation 
are  generally  forced  to  pass  through  the  zone  of  incandescence  instead  of 
being  allowed  to  escape  through  the  gas  outlet  pipe. 

The  analysis  of  the  peat  gas  shows  it  to  contain  23  to  25  per  cent  of 
moisture  and  about  4  per  cent  of  ashes.  The  remarkably  low  percentage 
of  moisture  is  said  to  be  due  to  the  hot  and  dry  sununer  of  1911.  The  aver- 
age heat  value  3949  Wr:  per  kg.,  or  7128  b.t.u.  per  lb.  Two  tests  of  S 
hours  3  minutes  and  S  hours  11  minutes  were  made,  with  the  following 
results  as  to  the  consumption  of  peat,  and  cost  of  power: 

TABLE  1     DATA  OF  TESTS  OF  A  GORLITZ  GAS  PRODUCER  PLANT 

Number    of    Test  1  2 

Consumption  of  peat  prr  kw-lir.  at  the  switohboard,  kg 1 .55.5         2.41 

lb 3.41  5.3 

Consumption  of  peat  per  effective  h.p.-hr.,   kg 0.99  1.45 

lb 2.19  3.19 

Consumption  of  peat  per  i. h.p.-hr.,  kg 0.82  1.16 

lb 1 .  80  2 .  55 

Fuel  cost  per  kw-hr.,  at  the   switchboard,  pf 0.62  0.965 

cents 0.15  0.2G 

Fuel  cost  per  effective  h.p-hr.,     pf 0.390          0.580 

cents. , 0.9             0.14 

While  the  first  cost  and  attendance  are  said  to  be  about  tlie  .same  as  in  the  case  of  a 
s((^:im   plant,   with  at  lesst  equal   reliability   of  operation. 

Improvement  of  Internal  Combustion  Motors  Through  Preheating 
OF  Air  (Verhvssvntng  roii  Verbrennungsmotoren  durch  Vorwdrmung  der 
angesaugten  Liifl.  A.  Nougier.  Die  Gasmotorentechnik,  May  1912.  2  pp., 
1  fig.  dt).  Translation  of  the  first  part  of  the  article  in  the  Genie  Ciril, 
February'  24,  1912,  under  Ihe  same  title,  fully  reported  in  The  Journal  for 
April,  p.  (il5.  Attention  of  those  who  may  use  the  original  French  or  the 
above  (Jcrman   translation   is   called  to   the  error   in   the  heading  of   the 
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(Iiird  coluiiiii  of  llie  fii^urc,  wlicrc  llic  cxpoiiciits  of    '   niul  ■"    are  omitted. 
They  are  correctly  iiisortcd  in  the  Forcif/n  Review. 

Automatic  Spark  Adjustment  {Sclhststiitige  Ziindverstclluiig,  Lfiw. 
Zcits.  lies  Mittcleuroplmchcn  Motorwageii^Vercins,  End  April,  1912.  2  pp. 
ffh).  The  first  automobiles  had  uo  spark  adjustment.  Benz  was  the  first 
to  introduce  it,  but  placed  it  so  that  the  driver,  to  change  the  spark,  had 
to  open  the  back  cover,  after  havinitr  previously  stopped  the  motor.  One 
of  the  reasons  why  the  spark  adjustment  was  not  placed  directly  at  the 
dri\er's  seat  was  that  the  old  motors  had  a  great  many  more  levers  than 
the  ])resent  ones,  and  the  designer  was  naturally  unwilling  to  make  it  look, 
still  more  complicated.  Fiat  was  the  first  to  introduce  a  centrifugal  spark 
adjuster,  but  took  it  off  shortly  after,  so  that  the  regular  use  of  automatic 
spark  adjustment  dates  really  only  from  1910,  when  its  application  was 
made  commercially  possible  by  the  introduction  of  Eisemann's  magneto. 

What  the  centrifugal  spark  adjuster  does  is  to  advance  the  ignition  at 
high  speed,  and  retard  it  at  low  speed,  so  that  the  purpose  of  the  adjusting 
device  is  to  insure  the  most  advantageous  time  of  ignition,  but  the  most 
advantageous  time  may  mean  either  the  time  which  insures  the  most 
economic  working  of  the  motor,  with  the  least  consumption  of  fuel,  and 
mininuim  stress  of  its  parts,  or  it  may  mean  the  condition  under  whicli 
the  output  of  the  motor  is  at  its  maximum.  These  two  things  are  by  no 
means  identical,  and  while  the  driver  may  want,  under  certain  conditions, 
to  get  out  of  the  motor  all  it  can  give,  lie  will  regularly  try  to  run  it  as 
economically  as  possible.  But  the  automatic  spark  adjuster  can  regulate 
the  adjustment  only  one  way,  and  adjustment  by  hand  is  therefore  more 
flexible. 

A  further  disadvantage  of  automatic  adjustment  is  its  aptness  to  get 
out  of  order.  The  governor  springs  change  in  tension,  the  revolving  parts 
get  out  of  balance  owing  to  the  shocks  and  vibrations,  and  as  a  result  the 
time  of  ignition  is  displaced,  often  very  disadvantageously,  the  worst  fea- 
ture being  that  it  is  very  difficult  to  discover  whether  the  ignition  is  really 
set  as  advantageously  as  believed.  Even  when  the  ignition  was  set  at  the 
factory  and  carefully  tried,  there  is  good  reason  to  believe  that  it  would 
have  to  be  changed  after  a  few  weeks  of  actual  work  on  the  road ;  but 
whether  it  is  so,  and  just  how  nuich  it  has  to  be  changed,  can  be  found 
only  by  new  careful  tests,  which  the  ordinary  automobile  owner  is  either 
quite  unable  to  do,  or  in  a  great  many  cases  will  do  incorrectly. 

But  even  were  it  possible  to  make  automatic  spark  adjustment  perfectly 
reliable,  it  would  still  not  answer  its  purpose  of  insuring  the  most  advan- 
tageous time  of  ignition.  The  best  ignition  time  depends  not  only  on  the 
speed  of  the  motor,  but  also  on  the  working  pressure  and  temperature  of 
the  mixture.  A  strongly  throttled  mixture  has  to  be  ignited  earlier  than 
a  liighly  compressed  one,  and  a  hot  mixture  later  than  a  cold  one.  But 
the  centrifugal  regulator  is  not  afl'ected  by  this  change  in  compression  and 
temperature  at  all,  and  regulates  therefore  the  time  of  ignition  really  in 
accordance  with  the  alterations  in  one  variable,  while  there  are  several 
others  of  at  least  equal  importance. 
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Autoinalic  spnrk  iidjust incut  iii.-iy  \h\  niid  is,  used  when  desired  without 
clanger  of  llie  ••intomobile  refusiui;  lo  woi-k  (which  is  proved  by  the  fact 
of  thei-e  \hA\vj:  in  operation  many  cai-s  and  trnclcs  with  no  adjustment  at 
all).  I»nt  its  use  cainiot  lie  considered  as  an  improvement  on  adjustment 
by  hand. 

iNTEKNATlOiNAL     I'JxiIirUTlON      OK     INTKUNAL     COMBUSTION      MoTOHS      IN      St. 

Petersburg  (Die  Intcrnutionalc  Aiisst(iliiii(/  von  Verbrciiininnsinolonn  in 
St.  Pctvrshiu-n.  N.  Bikoff  and  (J.  v.  I>n(>p]i.  Die  Gasiiiotorciitcclniik,  May 
1912.  4  PI)..  7  ti.us.  <1).  Descriiil  iun  with  drawings  of  four-stroke  cycle 
motors  linilt  by  llie  Kolomna  and  SornioNo  Woi'ks  (Russia)  and  the  Siid- 
werft  A.-(!..  Stockholin.  Sweden.  The  tii-st  and  last  are  marine  motors, 
'and  liotli  reversible.  In  the  case  of  llie  Ivoioiima  motors  reversilnlity  is 
secured  in  the  following  way:  The  motor  is  a  four-cylinder,  MOd-Ii.p. 
engine,  with  a  common  camshaft  to  all  the  cylinders,  driven  from  the  main 
sliafl  by  means  of  an  auxiliary  shaft  placed  in  the  middle  of  the  motor 
between  the  second  and  third  cylinder.  Opposite  to  each  cylinder  there  is 
placed  on  the  camshaft  a  double  series  of  cams,  for  going  ahead  and  astern, 
controlling  the  admission  and  exhaust  valves,  the  naphtha  valve  and  the 
air  valve  for  starting  the  motor.  The  levers  of  the  transmission  gear  are 
on  the  shafts  K  (there  are  two  of  lliem  :  o]u>  foi'  going  ahead,  and  the  other 
astern)  ;  on  each  shaft  there  is  ;i  hand  lever  A'  which  can  be  placed  in  any 
of  the  jiositions  corresponding  \o:  (1)  normal  work  of  the  motor;  (2) 
all  valves  out  of  oiieration  ;    (.">)   starting  the  motor. 

The  reversing  mechanism  works  as  follows  :  The  position  of  the  lever 
K  in  Fig.  1  corresponds  to  iKU'inal  working  of  tlie  motor,  i.  e.,  going  ahead. 
.Should  the  lever  be  turned  through  4~>  deg.,  the  naphtha  admission  valve 
will  be  closed  by  the  resiiective  cam;  at  the  same  time  the  naphtha  pump 
will  be  put  out  of  action,  and  coinpressed  air  admitted  to  the  cylind<'rs  //. 
In  these  cylinders  there  are  pistons  which  are  kept  in  their  n])per  )iositioii 
by  ii  siiring,  while  the  respective  piston  rods  take  a  position  just  above 
the  valve  spindles,  but  do  not  touch  them  as  long  as  the  valves  reiuain 
closed.  As  soon,  however,  as  the  comiu'essed  air  presses  the  i)istons  down, 
the  valves,  with  their  levers,  begin  to  move  sidewise,  and  the  rollers  of 
the  levers  are  lifted  u]!  by  the  cams,  thus  iiermitting  their  disiilaceiiK'ut, 
with  the  lu'l]i  of  the  levers  (1.  along  special  springs  located  in  the  body 
of  the  shaft.  Then  the  lever  K  is  i)laced  in  its  third  i)osifiou,  in  \vbi<'h 
the  lever  of  the  exhaust  valve  is  permitted  to  come  in  conbict  with  its 
corresponding  cam  on  the  shaft,  while  the  naphtha  pump  remains  cut  out. 
.\s  a  result  the  compressed  air  is  allowed  to  flow  out  of  the  cylinders  ]l, 
the  air  and  exhaust  valves  rise,  and  the  rollers  of  their  levers  come  in  con- 
t;ict  with  the  respective  cams.  When  the  motor  reaches  its  normal  speed 
of  rotation,  the  lever  K  is  placed  vertically. 

These  motors  are  used  mainly  for  ])assenger  sliijis  on  the  Wolg.a.  in 
Eastern   Kussia,   and  apjioar   to   W(H'k   satisfactorily. 

CiiKAi'  MoruK  I'owKR  EROM  (!as  Puoiuckks  wnii  Keci^peration  ok  Am- 
monia ( /.(/  force  iiKitricc  a  has  pri.r  pur  Ics  ini-oiiriics  u  i-rfiip('r(tl iau  (V 
(niniionidfiKc.  V.  Charles.  La  lloiiillc  lUdiichc.  Mai'cb  I'.Hl'.  s  pp.,  !( 
figs.      (I),      (ieueral,  rather  popular  dis<ussioii  of  the  production  of  iK)wer 
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Iroui  blast  furnace  gases,  gas  producers,  and  gases  from  by-product  coke 
ovens,  with  several  illustrations  showing  the  heat  balances  of  the  steam 
and  gas  engines  and  blast  furnace.      The  article  may  be  used  for  popular 
lectures  and  talks  to  employees. 
Machine  Shop 

The  Cementation  of  Iron  by  Solid  Carbon  (8ur  la  cementation  de  fer 
par  le  charbon  solide,  G.  Charpy  et  S.  Bonnerot.  Revue  de  metallurgie, 
May  1912.  15  pp.,  9  tigs,  c.)  Detailed  account  of  the  experiments  briefly 
announced  before  (Cp.  The  Jonnial,  January  1912,  p.  120.)  The  authors 
have  found  that  at  a  temperature  of  950  deg.  cent.  (1742  deg.  fahr.)  no 
cementation  is  produced  when  no  gases  are  present,  but  there  is  reason  to 
believe  that  carbon  does  diffuse  through  the  iron,  as  appears  to  be  indicated 
by  structural  changes  in  cast  iron  and  steel  heated  above  the  critical  points. 
It  is  difticult  to  state,  however,  what  may  have  l)een  the  intluence  of  the 
occult  gases  in  the  metal  in  such  a  diffusion.  As  regards  adherence  between 
carbon  and  iron,  the  experiments  have  not  been  conclusive.  It  has  in  no 
case,  however,  been  anything  like  the  adherence  which  exists  between  the 
graphite  and  the  ferrite  in  cast  iron. 

Galvanization  of  Iron  and  Steel.  Part  IV:  Sherardization  {Le 
Ziinniiic  du  fer  et  de  I'acier.  La  SlK^'rardisation,  A.  Sang.  Revue  de 
iiirliilliin/ie.  May  1912.      18  pp.,  11  figs.      dt).     Continuation  of  a  series  of 
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articles  on  various  methods  of  galvanizing  iron  and  steel  (beginning  in 
January  1912.  Cp.  The  Journal,  March  1912,  p.  419).  The  author  dis- 
cusses sherardization  mainly  on  the  basis  of  the  work  of  Dr.  C.  F.  Burgess, 
of  the  University  of  Wisconsin,  and  Dr.  A.  S.  Cushman,  and  describes 
several  types  of  furnaces  for  this  process.  He  describes  also  his  own  con- 
tinuous process  of  sherardizing  icires  by  heating  them  electrically  while 
they  are  being  drawn  through  a  bath  of  zinc  gray.  As  shown  in  Fig.  2, 
the  wire,  which  does  not  have  to  be  particularly  clean,  passes  flrst  through 
a  layer  of  sand,  and  then  below  a  cover  into  the  zinc  gray  bath ;  the  part 
of  the  wire  between  the  contact  points  is  maintained  at  a  red  heat.  The 
wire  comes  out  from  the  bath  in  the  same  manner  as  it  went  in,  and  may 
be  cooled  in  the  air.  There  are,  however,  certain  essential  rules  that  must 
be  observed  in  order  that  the  process  be  successful.  There  must  be  some 
arrangement  for  making  the  wire  move  sidewise,  so  as  always  to  bring  it 
in  contact  with  fresh  particles  of  zinc  gray,  and  to  prevent  tlie  latter  from 
forming  cavities  where  the  wire  would  slip  without  meeting  any  galvaniz- 
ing metal.  The  zinc  gray  must  have  attained  a  certain  temperature,  but 
since  it  is  in  a  receptacle  made  of  refractory  material,  it  is  enough  to  leave 
the  wire  stationary  in  the  bath  until  it  reaches  the  desired  temperature, 
and  only  then  set  it  in  motion.     The  most  ditiicult  part  of  this  installation, 
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liowever,  is  the  arriui.ucnieiit  of  the  coutucts,  hecaiise  if  tliis  is  unsatis- 
factory, only  a  siugle  point  ou  the  wire  will  lie  heated,  and  the  wire  will 
come  out  of  the  bath  red  liot,  but  not  sherardized.  Besides  being  gal- 
vanized, the  wire  is  also  annealed. 

New  Industrial  Burners  (Ncarc  yvicvrbliche  Heizhrenner.  Elektro- 
technischer  Anzeiger,  May  19  and  26,  1912.  3  pp.,  IS  tigs.  d).  Review 
of  German  burners  for  welding  and  cutting  metals.  The  Jurgens  gas 
blower  (Fig.  3,  1  and  2)  is  a  combination  of  a  Bunsen  burner  and  a  blow- 
pipe. The  blower  rotates  ou  the  support  /,  and  is  provided  with  air  antl 
gas  ducts  I  and  g,  the  air  duct  I  connecting  with  the  gas  duct  when  the 
cools  h  with  its  angle  bore  w  is  placed  in  a  suitable  position.  The  gas  duct 
y  is  further  divided  into  two  separate  ducts  k^  and  fc-  leading  to  the  re- 
spective plugs  of  the  cock  h.  The  gas  flows  through  these  ducts  into  the 
burner  pipe  h  from  which  either  a  Bunsen  flame  or  a  blowpipe  flame  may 
be  produced.  In  the  first  case  the  air  admission  sleeve  is  placed  so  that 
its  holes  are  just  over  the  holes  in  the  burner  pipe,  giving  free  admission 
to  the  air.  The  rotation  of  the  sleeve  is  accompanied,  by  means  of  the 
pin  m,  by  a  displacement  of  the  slide  valve  sch  opening  to  the  gas  a  pas- 
sage into  the  burner  pipe  through  the  little  holes  p^  and  p'.  If  the  burner 
Is  used  as  a  blowpipe,  the  sleeve  z  is  brought  to  where  It  covers  the  holes  in 
the  burner  pipes,  whereby  the  slide  valve  sch  is  placed  so  that  the  large 
openings  d^  and  d"  are  brought  over  the  ducts  7c'  and  Ic-,  and  compressed 
air  let  on. 

Fig.  3,  3,  shows  the  soldering  acetylene  heated  iron  of  Tr.  Baumann  In 
Winterliugen,  Germany.  The  gas  pipe  a  is  provided  with  a  cock  c  and 
ends  in  a  nozzle  d  enclosed  in  the  shaft  of  a  spherical  burner  e,  this  shaft 
being  provided  with  air  admission  openings  /.  The  nozzle  d  ends  In  a 
conical  extension  g,  the  purpose  of  which  Is  to  produce  a  narrow  flame 
directed  on  the  iron  i  surrounded  by  the  jacket  /;  with  its  openings  q. 
There  is  also  a  spring  n  which  can  be  regulated  by  the  screw  o  so  that  its 
tip  p  closes  more  or  less  the  opening  of  the  nozzle  d,  and  thus  makes  the 
flame  strong  or  weak,  as  desired.  A  wire  gauze  screen  is  provided  at  fc,  to 
prevent  backfiring. 

In  the  production  of  burners  using  liquid  fuel,  more  economical  ther- 
mally and  less  dangerous  than  acetylene  burners,  two  Improvements  are 
credited  to  Edward  Grube  In  Alt-Rahlstedt,  Germany.  The  liquid  fuel 
must  of  course  be  evaporated  before  It  can  mix  with  the  air.  The  first 
Is  shown  In  Fig.  3,  4.  A  burner  with  a  single  superheater  coil  A  from 
which  oil  vapor  is  conducted  to  the  distributing  member  B,  and  Is  supplied 
simultaneously  to  the  injectors  E  and  nozzle  L.  The  oil  vapor  formed  in 
the  superheater  coil  A  produces  a  narrow  flame  at  the  exit  from  the  nozzle 
L,  as  in  an  ox'diuary  blowpipe,  but  serves  also  to  feed  the  welding  burner 
F.  For  this  purpose  part  of  the  oil  vapor  Is  led  aside  Into  the  injector  E, 
and  mixes  there  with  the  oxygen.  To  start  the  burner,  the  superheater 
coil  A,  with  all  valves  closed,  has  to  be  heated  by  some  outside  source  of 
heat.  To  use  the  l)urner  for  welding  purposes,  the  cock  H  has  to  be 
opened,  and  oxygen  admitted  ta  the  iujeC^or  E  through  the  pipe  D. 

In  the  second  burner  of  the  same  concern  (Fig.  3,  5),  the  oil  which  is 
led  to  the  l)urner  through  the  pipe  A  under  pressure,  enters  into  the  car- 
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buretur  Ji  ul  Die  blowpipe  LJ  as  well  as  tbrougb  a  side  duet  D,  iuto  the  car- 
buretor A'  of  the  welding  pipe  F.  The  valves  G  and  H  regulate  the  supply 
of  the  oil  vapor.  The  carburetor  B  is  heated  by  the  heat  conducted 
through  the  luetal  I'roui  the  pipe  (J  of  the  blowpipe,  while  the  carburetor 
Ij  is  directly  surrounded  by  tlie  flame  of  the  blowpipe;  from  E  the  oil 
vapor  passes  iuto  the  injector  J,  and  mixes  there  with  the  oxygen  coming 
through  the  pipe  A',  the  flow  of  the  oxygen  being  regulated  by  the  valve  L. 
A  branch  pipe  M  with  cock  N  permits  also  the  regulation  of  the  supply  ol" 
oxygen  flowing  under  high  pressure  to  the  torch  for  cutting  metals  O. 

To  obviate  the  necessity  of  having  several  burners  of  various  sizes  for 
different  kinds  of  work,  J.  Ammou  in  SchiJneberg  (near  Berlin,  Germany) 
designed  a  burner  (Fig.  3,  G)  for  welding  which  may  be  fitted  with  different 
nozzles  for  different  kinds  of  work.  The  part  gh  is  a  nozzle  body  pro- 
vided with  properly  dimensioned  ducts  for  oxygen  and  fuel  gas,  with  the 
nozzle  and  outer  tube  in  permanent  connection.  The  nozzle  body  de  is 
slipped  over  the  hollow  conical  nipple  c  connected  with  the  oxygen  pipe  l> 
and  combustible  gas  chamber  /,  the  two  being  connected  when  necessary 
by  the  cap  screw  i.  The  oxygen  flows  through  the  pipe  h  into  the  duct  w, 
and  out  through  the  burner  nozzle  //.  The  fuel  gas  is  drawn  by  the  suc- 
tion, produced  by  the  flow  of  oxygen,  through  the  duct  t  into  the  passage  s, 
and  thence  through  the  duct  r  into  the  combustion  chamber  v.  Another 
burner,  on  the  same  principle,  but  somewhat  different  in  constructive  de- 
tails, has  been  designed  by  W.  Widmann  in  Stuttgart,  Germany. 

The  vapor  nozzle  of  the  welding  burner  of  the  Rheinische  Gesellschaft 
fur  autogene  Metallbearbeitung  m.b.H.  in  Cologne,  Germany  (Fig.  3,  7), 
consists  of  several  exchangeable  parts.  The  nozzle  proper,  consisting  of 
three  parts,  a,  l>  and  c,  is  screwed  to  the  mixing  tube  d,  these  three  parts 
being  provided  with  similar  threads,  so  that  they  may  be  set  at  any  desired 
angle  to  the  axis  of  the  mixing  tube. 

The  burner  of  M.  Imhoff,  of  Berlin,  (Germany  (Fig.  3,  8),  which  may  be 
used  both  for  welding  and  cutting  metals,  is  constructed  so  that  the  oxygen 
cannot  get  into  the  gas  pipes.  The  pear-shaped  burner  B  consists  of  a 
semi-spherical  base  /  and  conical  vapor  nozzle  A",  divided  by  the  plate  p 
having  a  large  number  of  small  holes  /  arranged  in  concentric  circles. 
Acetylene  is  brought  through  «,  oxygen  through  tlie  pipe  s  passing  through 
the  base  and  plate  /;,  and  provided  with  the  nozzle  d.  The  mixture  of 
oxygen  and  gas  flows  out  through  the  nozzle  o.  When  the  burner  is  used 
for  cutting  metals,  an  additional  stream  of  oxygen  is  supplied  through  the 
branch  piping  h\  The  peculiar  shape  of  the  burner  i^ermits  of  cutting  a 
number  of  holes  in  the  plate  p  such  as  to  allow  always  a  sufficient  supply 
of  gas  to  flow  through,  with  no  danger  of  backfiring.  The  conical  exten- 
sion h  is  said  to  favor  the  mixing  of  the  two  gases. 

Instead  of  making  provisions  for  exchanging  nozzles,  the  admission  of 
oxygen  may  l)e  regulated,  as  is  done  in  the  burner  of  the  Apparate-Bau- 
Anstalt  Schnialkalden  G.m.b.H.,  in  Schmalkalden,  Germany  (Fig.  3,  9). 
The  oxygen  pipe  3  opens  into  the  chamber  2,  while  the  acetylene  pipe  5  is 
led  to  the  side  opening  4.  The  headpiece  6  is  screwed  into  the  casing  1. 
and  is  i)rovided  with  a  central  duct,  with  the  front  part  of  (i  eccentrically 
located,  and  fitted  with  cone  11  having  in  its  turn  longitudinal  grooves  12 
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opening  into  ducts  11'".  Tliese  ducts  ;iro  cut  in  special  nozzlc-slmi»ed  pins 
connected  with  cone  11,  ai'e  of  different  diameters,  and,  like  tlie  grooves 
12,  are  not  limited  as  to  number.  Since  tlie  patli  of  tlie  oxygen  lies 
through  12"  enclosed  in  the  cone  or  pins  connected  with  it,  the  regulation 
of  the  oxygen  is  not  affectetl  by  regrinding. 

What  is  claimed  to  be  a  new  arrangement  for  distributing  the  oxygen 
in  burners  witli  a  single  oxygen  piping  is  embodied  in  the  burner  shown  in 
Fig.  3,  10.  constructed  l)y  J.  Knappich  in  Augsburg,  Germany.  The  oxygen 
regulating  valve  3,  with  its  admission  and  discharge  piping  4  and  5,  is 
fastened  by  the  screw  0  to  the  body  2  enclosed  in  a  tube  protector  1. 
The  screw  passes  through  the  duct  S  for  the  admission  of  oxygen  for  the 
preheater  flame,  this  duct  being  closed  below  the  screw,  and  the  screw 
being  provided  with  a  bore  7  connecting  the  oxygen  supply  pipes  4  and  8. 
The  inside  diameter  of  8  is  so  large  that  there  is  always  a  sufficient  area  for 
the  passage  of  the  gas,  independent  of  the  position  of  the  screw  G.  The 
disks  9  and  10  act  as  packing.  By  means  of  the  screw  11  the  valve  3  can 
be  closed  or  opened,  accoi-ding  as  the  valve  cone  12  is  pressed  against  its 
seat  13,  or  lifted  from  it  by  the  spring  14  having  as  purchase  the  disk  15. 
The  fuel  gas  pipes  10  and  17  are  tightly  fastened  to  the  body  2,  the  two 
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pipes  being  connected  by  the  ducts  18.  When  valve  3  is  open,  the  oxygen 
brought  by  pipe  4  flows  into  8  as  well  as  into  5.  When  the  valve  is  closed, 
the  admission  of  oxygen  into  the  oxidation  pipe  5  is  stopped,  but  the  gas 
continues  to  flow  through  7  into  the  pipe  8. 

In  the  torch  for  cutting  metals  of  R.  Moritz,  of  Wasquehal,  France  (Fig. 
3,  11),  the  nozzles  of  the  fuel  gas  supply  pipes  are  on  pin  joints,  thus  per- 
mitting the  regulation  of  the  heated  space  .opposite  the  oxidation  nozzle. 
Oxygen  is  supplied  by  the  pipe  5,  and  fuel  gas  by  the  nozzles  1. 

A  New  Interesting  Expedient  in  the  Foundry  (Ein  neues,  interessantcti 
Hilfsniittel  in  der  Formerei.  Giesserei-Zeituiig,  May  15,  1912.  2  pp.,  0 
figs.  d).  The  formation  of  a  core  in  a  pattern  depends  on  many  things, 
e.g.,  quality  of  the  sand,  execution  and  design  of  the  pattern,  molding  ma- 
chine used,  etc.,  and  does  not  always  succeed,  especially  when  the  height 
of  the  core  is  considerably  in  excess  of  its  diameter.  This  applies  par- 
ticularly to  the  case  when  lifting-type  molding  machines  are  used.  With 
turnover-type  molding  machines  the  cores  can  be  made  easier,  because 
with  this  type  of  machine  the  pattern  is  lifted  out  of  the  mold,  and  the 
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sand  is  not  disturbed.  But  even  there  it  happens  often  that  the  sand  is 
pressed  so  hard  into  the  core  hole  that  when  the  pattern  is  lilted,  it  is 
torn  off.  and  carried  away  with  the  i)atteni. 

To  prevent  this  the  firm  H.  C.  Ivlotz.  in  Hamburg,  Germany,  patented 
the  vtold  tiinral  (Foniispirulc)  shown  in  Fig.  4,  1,  and  made  of  hard  wire, 
with  the  upper  part  in  the  form  of  a  spiral,  and  the  base  wound  like  a 
snake.  The  coils  of  the  spiral  of  the  vertical  part  must  not  be  too  close 
to  one  another,  to  allow  the  sand  space  to  get  well  in.  Fig.  4,  2,  shows 
how  the  spiral  is  applied  in  setting  the  mold.  The  spirals  have  to  be  set 
as  close  to  the  edges  of  the  core  as  possible;  If  the  core  is  of  angular  or 
otherwise  irregular  form,  the  spirals  have  to  be  set  in  the  angles,  or 
wherever  there  is  danger  of  the  piece  breaking  off.  Fig.  4,  3.  shows  how 
by  means  of  this  spiral  a  face  plate  can  be  made  without  cores.  The 
article  states  that  in  one  particular  foundry  there  was  a  saving  of  ItiO 
cores  per  day  in  the  manufacture  of  this  one  face  plate  due  to  the  use 
of  the  mold  spiral. 

Thermic  and  mechanical  treatment  of  metals  in  the  shop  :  Tem- 
pering {Traitenientfi  thermiqucs  ct  m6caniques  des  inMaux  a  V atelier. 
Reienu,  F.  Robin  et  1*.  Gartner.  Revue  de  mecaniqHo.  April  30,  1912.  23 
pp.,  34  figs.  dt).  A  short  statement  of  the  theory  of  tempering,  and  de- 
scrii>tion   of  the  various  furnaces   used   for   this   iturpose. 

Measuring  Apparatus 

Limits  of  Use  of  High  Temperature  Thermometers  {Die  Braticli- 
harkeitsgren^e  der  hochgradigen  Thermometer,  II.  F.  Wiebe.  Deut.n-he 
Mechaniker-Zeitung,  February  1  and  15,  1912.  10  pp.  e).  I^xperiments 
made  at  the  German  Government  Bureau  for  physical  and  technical  in- 
vestigations (Physikalisch-Technische  Reichsanstalt)  have  shown  that 
(a)  Although  the  thermometers  used  for  these  tests,  and  made  of  Jena  horo- 
silicate  glass  .59"\  were  submitted  by  the  manufacturer  to  an  aging  process 
of  three  to  four  days'  duration,  these  thermometers  have  nevertheless 
shown  a  raising  of  the  ice  point  up  to  7  deg.  after  a  further  aging  process 
of  about  160  hours  at  a  temperature  of  500  deg.  cent.  It  may  be  accepted, 
therefore,  that  it  requires  an  aging  of  at  least  ten  days  at  500  deg.  cent,  to 
obtain  a  constant  position  of  the  ice  point,  with  variations  not  exceeding 
0.5  deg.  cent.  There  is,  however,  no  need  for  a  subsequent  slow  and  long 
cooling,  and  after  a  sufficiently  long  heating  at  500  deg.  cent,  the  ther- 
mometer may  be  simply  left  in  the  bath  to  cool  down  of  itself.  The  rea- 
son for  the  cooling  having  little  effect  on  the  position  of  the  ice  point  is 
the  slight  thermal  depression  for  this  kind  of  glass.  (b)  The  limit  up 
to  which  a  high  temperature  thermometer  of  Jena  borosilicate  glass  59"' 
may  be  used  is  510  to  515  deg.  cent.  The  German  regulations  prohibit  the 
division  of  such  thermometer  scales  above  510  deg.  cent.  Robert  C.  Dick- 
inson (Heat  Treatment  of  High  Temperature  Mercurial  Thermometers. 
Bull.  Bur.  of  Standards,  1906,  vol.  2,  p.  1S9)  finds  that  Jena  borosilicate 
glass,  though  the  best  glass  for  high  temperature  thermometers,  must  not 
be  used  for  temperatures  much  above  500  deg.  cent. 

Compensation-Planimeter  Bar  with  Sharp-Edged  Roller  (Kompensa- 
tious-Phinimeterstah  mU  sharfrandigcr  Jk'oUe,  Generlich.      Zrits.  fiir  Dainpf- 
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A'fx.sT/  inid  Mascliiiiciibclricb,  May  ."!,  \'.)\'2.  3  pp.,  U  liys.  c).  Data  of 
tests  of  ,1.  Scbnockel's  coiiipeuNutioii-iihniiincter  bar,  and  its  comparison 
with  < 'iir.idi's  planinieter  and  Amsler's  polar  planimeter.  It  was  found 
thai  wlii'ii  used  according  to  the  inventor's  specification  and  instructions, 
the  phminieter  bar  proved  to  be  correct  to  within  less  tlian  1  per  cent, 
and  to  be  comparatively  easy  to  operate.  It  is  claimed  that  the  absence 
of  joints  and  gear  wheel  transmissions  make  it  stronger  and  more  lasting. 

Mechanics 

IIyukaulic  Drive  for  Automobiles  (lljidntullsvher  Anthch  fiir  Motor- 
M'aycn,  A.  Heller.  Zeits.  des  Vercincs  dcnti^vhcr  Imjoileure,  April  Hi, 
1912.  5  pp.,  23  tigs.  d).  Description  of  the  Leutz  hydraulic  drive.  Cp. 
Motorwagen,  April  20,  1912.  A  translation  of  the  hitter  article  appeared 
in  the  Autoiuohile,  May  30,  1912. 

The  Nail  (Le  Clou.  Cb.  Fremont.  JiiiUetin  de  la  8oct('tc  d' Encourage- 
ment pour  V Industrie  Nationale,  February  to  April  1912.  vtA).  The 
tbird  of  a  series  of  articles  on  tlie  )iail:  investigation  of  properties,  con- 
struction, forces  acting  on,  etc.  A  full  alistract  will  be  given  when  the 
series  is  finisbed  in  tbe  original. 

Law  of  Similarity  Applied  to  Friction  Phenomena  {Das  AeJinlicliketts- 
gesetz  hei  Reibungsrorgangcn,  II.  Blasius.  Zeits.  des  Vereines  deutsclier 
Tngenieure,  April  20,  1912,  5  pp.,  4  tigs.  tA).  A  theoretical  investiga- 
tion of  the  linnts  of  applicability  of  the  pliysieal  law  of  simUaritu  to 
friction  iiheiiomena.  A  full  account  of  the  investigation  will  shortly 
api)ear  in  tbe  Mitteilungen  ilher  Forscliungsarbcilen,  and  an  altstract  will 
tlien  be  given  in  The  Journal. 

Note  of  the  Calculation  or  Cranks  and  Shafts  (A^o/c  sur  Ic  calcul 
des  inanivelles  et  des  arbres,  Cb.  Dekeyser.  Bulletin  technique  de  V Asso- 
ciation des  Ingenieurs  sortis  de  VEcole  Polytcchnique  de  Bruxelles,  April 
1912.  20  pp.,  8  figs.  int).  Tbe  autbor  starts  from  Barre  de  Saint 
Yeuant's  formula  for  maximum  deformation  under  combined  stresses : 


^.3t-{-^(5ty+{ioer 

Jiit> ■ — ■ 

8 

wbere  E  is  tbe  longitudinal  modulus  of  elasticity,  i  maxinuim  permissible 
deformation,  t  and  6  normal  and  tangential  stresses.  He  further  derives 
equations  for  stresses  at  various  points  of  tbe  crank  wbicli,  according  to 
his  admission,  are  only  approximately  correct  and  too  complicated  to  be 
used  for  practical  purposes,  but  wbicb  show  that  for  a  given  position  of 
tbe  crank,  various  transversal  sections  of  tbe  crank  arm  are  subjected  to 
different  stresses,  and  tbat  tbe  stresses  at  different  points  of  eacb  section 
depend  on  tbe  position  of  tbe  arm.  He  proceeds  to  give  a  somewhat  com- 
plicated graphical  method  for  determining  whether  in  a  crank  of  a  given 
longitudinal  section  and  rectangular  cross-section  there  will  be  ])oiiits  sub- 
jected to  stresses  exceeding  tbe  permissible  limit. 

Sliding  Friction  (Vber  gleitende  Reibung,  Charlotte  Jacob.  Aniialen 
der  Phpsik,  No.  6.  1912.  22  pp.,  13  figs.  ctA.)  Physical  investigation  of 
fiictimi  between  solids,  with  si)ecial  regard  to  tbe  iilutioii  hdiricn  friction 
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und  niteed  ol"  motion.  The  autlior  has  found  that  friction  depends  to  a 
certain  extent  on  the  speed,  and  up  to  a  certain  point  rises  with  the  speed, 
at  first  rapidly,  and  then  slower  and  slower  until  it  becomes  practically 
constant.    For  brass  a  coefficient  of  friction  0.103  is  thus  found. 

The  relation  between  friction  and  teiiiperatvrc  was  found  to  be  as  fol- 
lows :  as  the  temperature  rises,  the  angle  of  friction  at  first  decreases  I'ap- 
idly,  becomes  constant  at  about  150  to  190  deg.  cent.  (302  to  374  deg.  fahr.). 
and  at  about  2.50  deg.  cent.  (4S2  deg.  fahr.,  all  these  figures  referring  to 
experiments  with  glass)  begins  to  rise  very  rapidly.  The  minimum  of  the 
angle  of  friction  at  higher  temperatures  is  as  low  as  one-third  of  that  at 
room  temperature.  The  remarkable  fact  observed  by  the  author  is  thai, 
while  the  relation  between  the  angle  of  friction  and  temperature,  fmm 
I'oom  temperature  to  that  corresponding  to  the  minimum,  is  reversiltle.  ii 
becomes  irreversible  for  the  temiierature  beyond  that  of  the  minimum,  i.  e., 
the  angle  of  friction  retains  its  high  value  even  after  cooling. 

Steam  Engineering 

IjATEsr  Data  of  Tksts  of  Zoelly  Steam  Turbines  (Neueste  Vcrsuclif<- 
rcsultatc  an  Zoel I !/-Dauipft iirhmen.  Der  pralctisclie  Maschinen-Konstruk- 
teur,  May  9,  1912.  %  p.  e.)  Data  of  tests  of  several  Zoelly  turbines  of 
Swiss  and  German  manufacture.  The  turl lines  have  shown  the  following 
steam  consmnption  : 

Consumption  of  Steam,  kg/lb. 
from  5.71/12.6  to  6.71/14.8 
from  .5.42/11.9  to  6.67/14.8 
from  5.45/11.9  to  6.6/14.7 

Water  Purification  and  Elimination  of  Scale  in  Boilers  {Jjher  Was- 
sorcinii/ung  und  Kessclstcinbekdmpfunf/.  K.  Braungard.  Clwmiker-Zei- 
Umg,  May  9,  1912.  2  jip.  ce.)  Comparison  of  various  methods  of  scale 
elimination,  with  special  regard  to  feedwater  purification.  The  author 
made  tests  on  the  efticiency  of  permutit.  and  shows  that  this  material  may 
sometimes  do  a  great  deal  of  harm  in  a  boiler.  Permutit,  like  other  zeo- 
liths,  has  the  property  of  giving  up  only  the  basic  components  in  exchange 
for  similar  components  in  the  alkalis  in  the  water,  and  in  consequence  the 
place  of  the  alkalis  is  taken  by  increased  amounts  of  sodium  bicarbonate. 
In  boiling  water  this  sodium  bicarbonate  gives  off  carbon  dioxide  accord- 
ing to  the  formula  2NaHC03  =  Na.CO,,  +  H..O  +  CO,,  and  the  soda  a.gaiu 
lireaks  up  in  the  boiler,  {Tccoj'diiig  to  the  investigations  of  Blacher  and 
others,  into  sodium  hydrate  and  carbon  dioxide.  There  is  therefore  alto- 
.gether  a  very  large  evolution  of  carbon  dioxide  whicli  is  generally  consid- 
ered a  weak  and  practically  harmless  gas,  but  which  under  conditions 
present  in  the  boiler  attacks  the  iron  just  as  another  dilute  acid  would  do. 
At  the  same  time  the  increased  alkaline  contents  of  the  water  attacks  the 
water  gage  glasses  and  the  packing.  The  only  way  to  help  it  would  be  to 
let  the  water  off  very  often,  but  that  involves  disadvantages  which  would 
destroy  all  the  good  that  the  permutit  might  otherwise  have  done. 

The  author  concludes  therefore  that  at  any  rate  dirty  water  and  water 
containing  free  carlion  dioxide  cannot  be  treated  by  pernuitit  without  being 
subjected  to  suitable  itreliminary  ])rocesses  of  iiurific.-itioii  and  deoxidation. 
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The  article  contains  also  a  discussion  of  methods  lor  cliniiiuiting  iron 
and  manganese  from  feedwater.  (I'ermutit  is  a  patented  product  now 
being  introduced  in  (Jernuiuy  and  this  country.) 

ARru'iciAL  Dkaft  in  Boiler  Plants  {Ueber  kiinstlichcn  Zug  bei  Daiiipf- 
kesselanla(/cn,  H,  Hermanns.  Glasers  Annalen  fiir  Oewerbe  und  Bauwesen, 
May  15,  1912.  3  pp.,  4  tigs.  (/).  General  discussion  of  the  advantages  of 
artificial  draft  in  boiler  plants,  and  description  of  the  Schwaliach  system  of 
induced  draft.  In  this  system  a  fan  drives  the  air  through  one  or  more 
nozzles  into  a  comparatively  low  smoke  stack,  and  thus  produces  in  the 
furnace  a  partial  vacuum  which  may  be  regulated  as  required.  Tests 
made  by  an  engineer  of  the  Saxony  Association  for  the  Inspection  of  Boilers 
with  two  boilers,  one  witli  natural,  and  the  other  witli  induced  draft,  but 
absolutely  similar  in  other  respects,  and  handled  by  the  same  men,  have 
shown  that  the  cost  of  producing  1000  kg.  (2200  lb.)  of  steam  was  in  the 
tirst  case  2.3G  marks  (say  59  cents),  and  in  the  second  case  (including  the 
cost  of  driving  the  fan)  2.2G  marks  (say  56.7  cents),  or  a  difference  in 
favor  of  induced  draft  of  S.5  per  cent.  The  first  cost  of  the  Schwabach 
system  of  induced  draft  is  said  to  be  much  less  than  that  of  building  a  tall 
smoke  stack,  besides  the  fact  that  in  case  of  transferring  the  plant  from 
one  place  to  another  the  smoke  stack  becomes  practically  worthless,  while 
the  Induced  draft  fan  may  be  moved  with  very  little  trouble. 

Beluzzo  Steam  Turbines  for  Stationary  Plants  {Le  Turbine  a  vwpore 
Beluzzo  per  impianti  fissi.  Ulndustria,  May  12  and  19,  1912.  6  pp.,  25 
figs.  d).  Description  of  Beluzzo  stationary  steam  turbines  (Cp.  also 
Zeits.  dcs  Vcreines  deutscher  Ingenieure,  May  21,  1910).  This  type  has  the 
high,  intermediate  and  low  pressure  parts  quite  unlike  each  other.  The 
high  pressure  part  is  in  two  pressure  stages,  each  with  two  velocity  stages 
in  series,  in  large  units ;  in  small  units  a  single  pressure  stage  and  three 
velocity  stages  in  series.  The  intermediate  pressure  part  is  made  of  sev- 
eral disks,  each  with  a  single  blade  rim,  and  each  rotating  in  a  separate 
chamber,  the  expansion  of  steam  taking  place  in  the  distributors  of  the 
respective  rotors.  The  low  pressure  part  consists  of  a  drum  on  which 
are  mounted  several  blade  rings. 

Such  a  turbine  is  held  to  possess  several  important  thermal  and  mechan- 
ical advantages.  It  results,  according  to  the  author,  in  the  highest  thermal 
efficiency  since,  as  the  pressure  and  temperature  of  steam  go  down,  the 
velocity  of  efflux  from  the  distributors  and  the  ratio  between  it  and  the 
peripheral  speed  of  the  disks  also  diminish,  and  this  decreases  the  loss 
due  to  friction  between  the  steam  and  the  turbine  blades.  Further,  the 
arrangement  of  the  high  pressure  disks  in  several  velocity  stages,  with 
minimum  expansion  in  the  distributors,  permits  a  rapid  decrease  in  steam 
pressure  between  the  stages.  On  the  other  hand,  the  drum  on  the  low 
pressure  side  makes  the  rotating  part  of  the  turbine  more  rigid. 

The  velocity  of  efflux  of  the  steam  from  the  distributors  is  650  to  700  m 
(say  2100  to  2300  ft.)  in  the  first  stage,  and  500  m  (say  1620  ft.)  in  the 
second  stage;  between  400  and  300  m  (1300  to  960  ft.)  in  the  intermediate 
pressure  part,  and  only  about  200  m  (650  ft.)  in  the  low  pressure  part. 
With  such  velocities  the  wear  of  the  blades  is  practically  none. 

On  coming  from  the  first  distributor   (Fig.  5),  the  steam  acts  on   the 
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Fig.  5    Belluzzu  Stioam   'I'lJiiuiNio  for  Stationarv   I^i-ants 
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iilaile  rim  ol'  the  lirsl  disk,  is  dotiot'lod  tiloug  the  groove  in  tlie  diiudiragiii 
between  the  two  wheels,  and  enters  the  distributor  of  tiie  next  wheel. 
Tliis  arrangement  prevents  tlie  steam  from  forming  eddies  when  it  reaches 
the  distributor  of  the  second  wlieel,  due  to  the  rebound  of  steam  from 
the  lirst  wheel.  The  first  and  second  wheel  have  partial  admission,  and 
the  distributors  occupy  onl.v  parts  of  the  respective  peripheries,  less  than 
1)0  deg.  for  the  lirst  wheel,  and  a  little  more  than  90  deg.  for  the  second. 
The  intermediate  pressure  disks  have  also  partial  admission,  but  with  a 
constant  angle  of  about  ISO  deg.  The  radial  height  of  blade  is  thus  grow- 
ing from  one  disk  to  another  in  accordance  with  the  decrease  of  the 
velocity  of  steam  and  increase  of  its  specific  volume.  From  the  last  disk 
of  the  intermediate  pressure  section  the  steam  is  led  to  a  collector,  a  sort 
or  receiver  between  the  intermediate  and  low  pressure  parts.  It  has  a 
double  duty  to  perform :  in  the  first  instance  it  distributes  uniformly  the 
steam   coming  from   the   last  disk   of   the  intermediate   pressure   section. 


(HHSffi^ 


Fig.   G    Distributor  and  Rotor  Construction   of   the   Belluzzo   Turbine    (Two 
AND  Three  VELOcia'y  Stages  in  Series) 

which  has  a  partial  admission,  over  the  drum  of  the  low  pressure  section 
having  full  admission.  In  the  second  place  it  has  to  maintain  the  cast 
iron  walls  supporting  the  blades  of  the  distributors  of  the  first  wheel  at 
a  temperature  slightly  higher  than  that  of  the  steam  expanding  between 
the  disks.  Tests  made  by  Professor  Belluzzo  in  1905  have  shown  the 
convenience  of  such  a  steam  collector.  It  is  of  especially  great  importance 
for  marine  turbines  in  that  it  prevents  the  accumulation  of  water  at  the 
bottom  of  the  turbine.  Fig.  G  shows  the  construction  of  the  distributors 
and  rotors.  Attention  is  called  to  the  following:  (1)  decrease  of  axial 
width  of  the  rotor  blades  from  the  first  disk  on  to  the  last;  (2)  decrease 
of  the  peripheral  blade  pitch;  (3)  decrease  of  the  angle  between  the  direc- 
tion of  steam,  and  that  of  the  peripheral  velocity ;  the  width  of  the  blades 
in  velocity  stages  arranged  in  series  is  also  deci'easing.  Thereljy  is  gained 
the  great  mechanical  advantage  of  having  the  weight  of  the  blades  in 
various  disks,  as  well  as  the  steam  pressure  on  the  blades  and  the  stresses 
due  to  centrifugal  forces  on  the  various  disks,  practically  uniform. 
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EvAPoKATioN  Test  ok  a  Doublk  Ft.ue  Boiler  with  Wefer  Gas  Fired 
Furnace  (Verdampfnngsversueh  an  einem  mit  Wefer-Gasfeuerunncii  aii-'^- 
geriisteten  Zwciflammrohrlcct<f<el.  Biitow  and  Dobbelstoiii.  Gliickniif.  May 
IS,  1912.  '.\%  pp.,  5  figs.  (I).  Description  of  tlio  Wcfcf  tni-'<  lived  fitniaee, 
and  data  of  test  of  a  double  tine  boiler  eciiiipped  with  it.  This  furnace  is 
designed  to  use  coke  oven  gases.     Simple  nozzles  for  tlie  admission  of  the 


Section  A-B 


Pig.  7    Wefer  Oas  Fired  Furnace 


Steam        ij 
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Fiu.  8    VVefmu  .Sai.'Ktv  Vai.ve  for  Coke  Oven  Gas  Mains 

gas,  and  admission  of  air  through  openings  in  the  Hue  plate,  proved  to  be 
unsatisfactory  owing  to  imperfect  mixture  of  gas  and  air.  Terbeck's  sys- 
tem proved  to  be  somewhat  better,  in  that  it  provided  for  a  mixture  of  the 
gas  and  air  before  ignition,  and  a  supplementary  admission  of  air  at  the 
place  of  ignition,  thus  insuring  a  very  complete  combustion  of  the  gas. 
This  system  has.  however,  a  disadvantage  in  having  an  explosive  mixture 
formed  in  the  primary  nozzles,  and  that,  together  with  the  strongly  vari- 
able gas  pressure  in  tbe  batteries  of  coke  ovens,  leads  to  frequent  small 


FOREIGN    REVIEW  1119 

explosions  in  tlio  nozzles  which  not  only  uiay  injure  the  luruiiee,  hut  may, 
aud  actually  do.  cause  loss  of  life  and  property  when  starting  the  fire 
without  duo  preeautions.  The  Wefer  furnace  is  said  to  he  hoth  efficient 
aud  safe.  The  gas  euters  through  a  (Fig.  7:  to  the  left  is  a  longitudinal 
section,  to  the  right  cross-seclion  through  A-B)  into  chaniher  h  provided 
with  a  safety  lid  c  of  such  weight  that  it  is  not  budged  by  the  ordinary  gas 
pressure ;  should,  however,  an  explosion  occur  in  b,  the  lid  is  thrown  up, 
and  the  chamber  b  made  wide  open.  This  safety  device  has  been  tested 
several  times  by  artificially  produced  explosions,  and  found  to  be  working 
well.  The  gases  of  explosion  harmlessly  exhaust  to  the  rear  of  the  fur- 
nace, the  lid  falls  back  in  its  place,  aud  the  furnace  continues  to  work 
without  interruption.  From  the  chani'ber  b  the  gases  flow  through  25  iron 
|)ipes  d,  held  by  an  iron  closing  plate  p,  to  the  burners  proper  7*.  The  air 
enters  through  the  valve  /.  by  means  of  which  its  admission  is  regulated,  to 
the  air  chamber  (j,  streams  along  the  gas  pipes  through  the  ducts  e,  aud 
mixes  with  the  gas  at  the  ends  of  the  pipes  d,  this  mixtm-e  being  immedi- 
ately ignited  at  h.  The  front  of  the  furnace  consists  of  a  cylindrical  fire 
resisting  piece  of  graphite  into  which  are  led  the  air  ducts  e.  Peep-holes  s 
and  manholes  k  are  provided  for  inspecting  the  inside  of  the  furnace,  and 
cleaning  the  flues. 

It  was  noticed  that  where  there  is  no  gasholder,  there  is  a  considerable 
fluctuation  in  the  gas  pressure  owing  to  irregular  production  of  gas  by  the 
coke  ovens,  and  that  when  the  gas  pressure  was  above  150  mm.  (say  6  in.) 
of  water,  there  easily  occurred  small  explosions  in  the  furnace.  To  avoid 
this  a  special  safety  valve  (Fig.  8)  was  installed  in  the  gas  main.  On  the 
gas  pipe  is  a  flanged  socket  with  a  cornish  double  beat  valve,  with  I  so 
dimensioned  that  at  a  pressure  of  150  mm.  (6  in.)  of  water  it  rises  and 
lets  part  of  the  gas  out  into  the  outlet  pipe  o,  which  continues  until  the 
pressure  falls  below  the  dangerous  limit.  The  gas  coming  out  of  o  is  ignited 
by  a  small  gas  flame  continually  burning  at  the  end  of  the  thin  tube  p.  To 
provide  for  cases  where  naphthalin  deposits  might  clog  the  valve,  a  hot 
water  supply  is  installed  at  m,  with  steam  keeping  the  water  at  about  SO 
deg.  cent.  (176  deg.  fahr.),  a  temperature  at  which  the  naphthalin  de- 
Ijosits  melt ;  the  water  is  let  ofl'  through  the  overflow  pipe  n,  placed  at  the 
level  of  the  valve  head.  In  order  to  prevent  too  rapid  cooling  of  the  water 
in  the  overflow  pipe  in  winter,  the  pipe  h,  with  holes  on  the  side  facing 
the  overflow  pipe  n,  is  provided :  when  necessary,  a  cock  is  opened,  and  the 
gas  in  h  ignited,  thus  making  the  flow  in  the  ovei-flow  pipe  n  certain. 

WiTTiG  Rotary  Engines  (Rotierende  Macliinen  System  Wittig.  Dinglers 
polytechnisches  Journal,  May  4,  1912.  3  pp.,  5  figs.  de).  Description 
aud  data  of  tests  of  Wittig  rotary  engines.  These  engines  may  act  either 
as  air  or  water  pumps,  or  as  steam  or  compressed  air  engines.  Fig.  9 
shows  the  schematic  construction  of  the  engine  and  its  mode  of  operation. 
At  a,  is  an  eccentrically  placed  rotary  drum  provided  with  slots  in  which 
are  placed  thin  vanes  c,  free  to  move  in  and  out  of  the  slots,  and  kept  in 
the  position  shown  by  centrifugal  force;  k  shows  the  steam  inlet  pipe,  or 
air  outlet  pipe,  if  the  engine  is  working  as  a  blower.  There  are  several 
small  openings  in  the  casing  wall  on  the  left,  not  shown  in  the  drawing. 
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T.\BI.E  2     COMPRESSOR  FOR  COMPRESSION  3  TO  3.5  ATMOSPHERES  ABOVE 

ATMOSPHERIC 


Nuiiibfv  of  Test 

1 

2 

3 

4 

•^ 

0 

R.p.m 

900 

900 

900 

900 

900 

900 

Delivery    pre.ssiire    above     atiiKj^^- 
pheric  in  atmospheres 

4,5 

4 

3.5 

3 

2  5 

2 

Temperature    of    air    at    delivery, 
deg.  cent. /deg.  fahr 

132 
2  CO 

121 

249 

112 
233 

106 

222 

98 
208 

92 

197 

Volume  sucked  ijer  lir.,  cbm./OU.  ft. 

202 
7070 

215 

224 
7840 

239 
S365 

256 

8960 

270 
9450 

Cooling  water  per  sec.,  kg. /Hi 

0  21 
0.44 

0  21 
0  41 

0  21 
0  44 

0  21 
0  44 

0.21 
0  44 

0  21 
0  44 

Temperature     of     cooling     water, 
deg.  cent.   deg.  fahr  . 
(a)  entering 

9  48,2 
23 . 5 
74  3 

9 
2(.l   5 
(;s .  9 

9 
19,5 
67.1 

9 
18.5 
65.3 

9 

18 
64  4 

9 
17  5 

63.5 

Heat    carried     away     by    cooling 
water  per  sec,  WE/b.t.u 

3.05 

12 

2.42 
9.0 

2. 2 

8.7 

2.05 
8.1 

1.9 

7 .  55 

1.78 
7 .  05 

Power  consumption,  h.p 

27 . 5 

23  3 

21.7 

20.9 

19. S 

18.9 

Heat  carried  away  by  the  air  per 
sec,  WE/b.t.u..    

1 .  78 
7  05 

1 .  OS 
6.7 

1   02 
6.43 

1.03 
6.45 

1.5 
5.97 

1 .  55 
6.18 

Barometer,  720  mm. 

Room  temperature,  17  deg.  cent,  or  62.6  deg.  fahr. 


TABLE  3     TEST  OF  STEAM  ENGINE 


Number  of  Test . 


Pressure  of  entering  .steam  above  atmosph(>ric 
Temperature  of  steam,  deg.    cent., ''fahr 


R.p.m. 
B.h.p.. 


Consumption  of  steam  per  h.p-hr.,  kg. /lb. 


9  45 

245 
473 

1490 

10  52 

10.0 
30.2 


9.4 

230 
440 

1490 

10.52 


37  4 


9.4 

250 

482 

1490 

10.75 

16.2 
35.6 


9.35 

220 
428 

1490 

10.68 

17  5 

38.5 


392 
1500 
0 
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WluMi  the  eugiiit'  is  workiusj;  as  a  blower  or  oxhauster,  the  oells  formed  by 
llie  vanes  c  pass  these  openiiiixs  as  the  size  of  I  he  cells  Increases  owing 
In  llic  eccentricity  of  the  drum,  and  exi)el  the  air;  from  the  top  of  the 
engine,  where  the  cells  reach  their  maximum,  they  travel  for  some  time 
without  meeting  any  openings,  and  tend  to  compress  the  air  inside  them 
which  they  discharge  through  k  when  they  reach  it.  If  the  machine  works 
.IS  .-i  motor,  either  steam  or  compressed  air,  the  driving  fluid,  which  will 
be  called  steam  hereafter,  enters  from  k  into  the  cells  opening  into  it,  say 
into  .:,.  At  the  start  rotation  is  produced  by  the  pressure  of  the  steam 
against  the  whole  area  of  the  foremost  blade  of  cell  z^.  As  regards  the 
encloseil  cells.  ;..  the  author  explains  that  there  is  a  difference  of  pressiu-e 
on  the  vanes,  because  the  vane  foremost  in  the  direction  of  rotation  ])ro- 
.iects  further,  and  therefore  presents  a  larger  area  to  the  steam  pressure 
than  the  vane  further  back:  the  difference  in  pressures  will  therefore  tend 
to   drive  the  whole  piece  in   tlie  direction   of   rotation.      The   total    force 


Fig.  0    WiTTiG  Rotary  Engine 


driving  the  engine  is  proportional  to  the  sum  of  the  differential  pressures 
in  the  cells  to  the  right  of  the  figure,  the  exhaust  openings  being  on  the 
left,  where  the  cells  begin  to  grow  smaller. 

The  use  of  a  large  number  of  vanes  and  cells,  and  the  arrangement  by 
which  these  cells  can  grow  larger  and  smaller,  is  said  to  present  the  fol- 
lowing advantages:  («)  There  are  no  valves  necessary,  the  admission  and 
exhaust  being  effected  through  uncovered  openings,  and  compression  and 
expansion  regulated  by  the  cells  changing  their  size  automatically,  (h) 
The  difference  in  size  between  two  contiguous  cells  being  slight,  the  differ- 
ence in  pressure  is  also  small,  and  therefore  the  vanes  are  subjected  to 
comparatively  small  stresses,  and  leaks  from  one  cell  to  another  are  small 
as  well,  (c)  At  /,  where  the  drum  comes  nearest  to  the  casing,  and  where 
in  an  air  compressor  there  would  be  especial  need  of  packing  to  divide 
the  suction  s])ace  from  compression,  in  this  machine  thei'e  is  no  need  of 
packing  at  all,  because  there  is  always  at  least  one  vane  c  to  separate  the 
two  chambers.  (0)  Since  the  cells  are  filled  or  emptied  in  rapid  succession. 
there  is  a  practically  uniform  flow  of  steam  or  air  both  into  or  out  of  the 
engine,  as  well  as  a  uniform  turning  moment  on-  the  shaft. 

If.  however,  the  vanes  were  allowed  to  press  against  the  casing,  there 
would  lie  a  considerable  fricliou   between   them.      To  prevent  this,   there 
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;ire  provided  collars  (j  haviiiy;  lu-arly  the  same  iuside  diameter  as  the  cas- 
ing, and  arranged  so  that  they  have  a  certain  play  both  normally  to  the 
axis  and  sidewise.  They  are  carried  away  by  the  vanes  with  them  in 
their  rotary  movement,  and  enclose  the  vanes  like  hoops  around  a  barrel, 
the  casing  proper  serving  only  as  a  guide  to  this  revolving  system.  When 
in  contact  with  the  collar,  each  vane  is  drawn  somewhat  sidewise  owing 
to  the  eccentricity  of  the  slot  with  respect  to  the  axis  of  the  casing. 
This  eccentricity  is,  however,  of  advantage  in  diminishing  the  friction 
losses. 

In  Tables  2  and  o  are  data  of  tests  of  a  Wit  tig  air  comiiressor  and  a 
Wittig  10-li.p.  engine  receiving  steam  at  10  atmospheres  above  atmospheric 
pressure  with  exhaust  into  the  atmosphere. 

Ljungstrom  Reaction  Steam  Turbine  {La  turbine  a  vapear  a  reaction, 
,si/stdine  Ljum/strutn,  F.  D.  Le  G&nie  Vivil,  May  18,  1912.  3  pp.,  13  tigs. 
and  a  sheet  of  drawings).  Description  of  the  Ijjungstrom  reaction  tur- 
bine. For  a  complete  description  of  this  turbine  see  Eiujiiiccriin/,  April 
12,  1912. 

Thermodynamics 

The  Joule  Cycle  (8ur  le  cycle  de  Joule.  Coinptes  Rendus  dc  I'Acadeniic 
des  Sciences,  April  22,  1912.  2  pp.  t).  Some  investigators  have  pointed 
out  that  pressure  plays  a  more  important  part  in  internal  combustion 
motors  than  temperature,  and  that  these  motors  might  be  better  investi- 
gated on  the  basis  of  the  Joule  cycle,  between  the  same  limits  of  pressure 
as  the  motor,  than  on  that  of  the  Carnot  cycle.  It  becomes  therefore  of 
importance  to  find  out  under  which  general  conditions  tliis  cycle  may  be 
substituted  for  the  Carnot  cycle. 

In  the  first  place,  for  the  given  gaseous  body,  the  efficiency  of  the  Joule 
cycle  nuist  be  a  function  of  only  the  extreme  pressures. 

If  now  G{p,  S)  is  the  thermodynamic  potential  of  a  fluid  expressed  in  terms 
of  variables  p,  S  (pressure,  entropy),  G  cannot  be  any  function,  but  must  have 
the  special  form 

G{p,S)=fip)h{S)+g{p) 
where  f{p)  is  a  positive  and  increasing  function  of  p,  and  h{S)  is  an  inci"easing 
function  of  S. 

This  being  the  thermodynamic  potential,  and  A  =  ~  the  reciprocal  of  the  me- 

E 

chanical  equivalent  of  heat,  the  internal  heat  U,  absolute  temperature  T,  and 

specific  volume  v  will  have  the  following  values: 

U  =  \fip)  -pf'ip)]h{S)+g{p)  -pg'ip),     T=f{pW{S) 

v  =  ElJ'{p)h{S)+g'{p)] 

while  the  caloric  efficiency  of  the  Joule  cycle,  between  the  pressures  po,  Pi  >  Po 

Up,) 

These  conditions  are  necessary  and  sufficient  in  order  that  the  Joule 
cycle  should  have  the  same  properties  as  the  Carnot  cycle,  when  the  pres- 
sures instead  of  temperatures  are  considered.      The  Joule  cycle  mai/  there- 
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fore  be  applied  even  when  the  mixture  is  not  cousidered  equivalent  to  a 
perfect  gas. 

Supplementary  References 

Characteristic  curvos  of  Diesel  motors  (Foreign  Review,  June  1912,  p 
1)58).     Complete  translation  of  the  article  in  the  AutoiiiohUe,  May  10,  l'J12. 

The  Aphegraplie  (Foreign  Keview,  January  1912,  p.  124).  Cp.  descrip- 
tion iu  the  IJiKjiiKcriiu/  Record.  May  2r>,  1912,  p.  570. 

The  Emperger  system  of  "strapped"  or  spirally  reinforced  cast-iron- 
concrete  construction  (Foreign  Review,  April  1912,  p.  (i^>(!,  and  May  1912, 
p.  805).  Cp.  account  of  same  (9  pp.,  12  tigs.)  in  Coitcrctc  and  Coii.struc- 
tiomil  Eii(/inccri))!j.  I.ondon,  June  1912,  p.  423. 


GAS  POWER  SECTION 

PRELIMINARY  REPORT  OF  LITERATURE 
COMMITTEE 

(XIX) 
ARTICLES  IN   PERIODICALS  i 

Coke  Oven  Gas,  Extensive  Use  of,  C.  O.  Tupper.      Power,  May  21,  1912. 
3%  pp.,  5  figs.,  2  tables,     cd. 
Composition    of   gases ;    gas    engine    driven    electric    plants ;    combined    gas    engine 
and  steam  turbine  systems  ;  power  equivalent  of  coke  oven  gases  ;  by-product  recov- 
ei'y  plants. 

Diesel  Engines,  Crankshafts  for.    Engineering,  May  31,  1912.    2-3  p.    m. 
Discussion  of  lormuLic  for  crankshaft  design. 

Diesel  Engine,  Present  Status  of  the.     Power,  May  28,  1912.     3  pp..  7 
figs.,  1  curve,     cdh. 
Early  history  ;  commercial  types  marine  engines  ;  Diesel  locomotives. 

(tAsturbine,  Die,  A  Stodola,  of  Zurich.     Zeit.sciiiift  des  Vcrcincs  deutftehcr 
Ingenieure,  March  30,  1912.      3^4  pp.,  2  tables,  3  curves,      cmp. 
Review  and   criticism  by   Professor   Stodola   of   the  book   of  that  title  by   Hans 
Ilolzwarth. 

Internal   Combustion   Engines,   Exhaust   Gas   Calorimeters   for,   J.   S. 
Nicholson   and  T.   B.  Morley.      Engineering,   May  31,   1912.      1   p.,  3 
figs.      dm. 
Describes  apparatus  for  sampling  and  analysis  of  exhaust  gases. 

Motor  Passenger  Launch  "  Violeta."      Engineering,  May  31,  1912.      1Y> 
pp.,  6  figs.      d. 
Describes  power  equipment  consisting  of  two  four-cycle  petrol  paraffin  engines  of 
SO    h.p.   each. 

Tbebert  Gasoline  Engine,  The.     Power,  June  4,  1912.      1%  pp.,  2  figs.     d. 
Describes  a  six-cylinder  four-stroke  cycle  engine  for  aeroplanes. 

Wassergas,   Einkichtung  und  Betrieb  von.     Halbwassergas  und  Saug- 
GASANLAGEN.     Kruft,  Mai'ch  21,  1912.      1%  pp.      p. 
Certain   basic  principles   for   the   arrangement    and   operation    of   water-gas,    semi- 
water   (Dowson)   gas  and  suction  gas  plants. 


^  Opinions  expressed  are  those  of  the  reviewer,  not  of  the  Society.  Ar- 
ticles are  classified  as  c  comparative ;  d  descriptive ;  e  experimental ;  /;  his- 
torical ;  ni  mathematical ;  p  practical.  A  rating  is  occasionally  given  by 
the  reviewer,  as  A,  B,  G.  The  first  installment  was  given  in  The  Journal 
for  May  1910. 
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STUDENT   BRANCHES 

ARMOUR    INSTITUTE    OF   TECHNOLOGY 

The  last  regular  meeting  of  the  Armour  Student  Branch  took  the  form  of  a 
banquet  at  the  Boston  Oyster  House  on  May  15,  A.  J.  Beerbaum  being  toast- 
master.  Following  are  the  speakers  of  the  evening:  Professor  Gebhardt,  Mem. 
Am.Soc.M.E.,  spoke  of  the  importance  of  keeping  in  touch  with  one's  Alma 
Mater;  Professor  Frith,  Mem.Am.Soc.M.E.,  The  Future  of  the  Gas  and  Gasolene 
Engines;  Professor  Coffeen,  The  Value  of  a  College  Course  in  the  Business  World; 
Professor  Perry,  who  was  a  member  of  the  first  graduating  class,  told  of  the  early 
days  at  Armoiu-.  E.  R.  Burley,  the  newly  elected  chairman,  gave  his  plans  for 
making  the  coming  year  a  successful  one. 

LEHIGH  UNIVERSITY 
The  last  meeting  of  the  year  of  the  Lehigh  University  Student  Branch  was 
held  May  16,  when  Calvin  W.  Rice,  Secretary  of  the  Society,  told  the  students 
of  the  need  of  branch  societies  to  encourage  scientific  discussion,  and  also  what 
results  are  to  be  derived  by  affiliation  with  The  American  Society  of  Mechanical- 
Engineers. 

CORNELL    UNIVERSITY 

At  a  meeting  of  the  Sibley  College  Student  Branch,  held  May  4,  Mr.  Johnson, 
president  of  the  Baldwin  Locomotive  Works,  addressed  the  students  on  the 
fallacies  of  some  present-day  notions  of  success. 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
On  May  13  the  Mechanical  Engineering  Society  was  addressed  by  Charles 
T.  Main,  Mem.Am.Soc.M.E.,  on  the  Commercial  Efficiency  and  Special  Uses  of 
Power  Plants.  Many  points  were  brought  up  in  the  discussion  which  were  of 
special  interest  to  those  students  taking  the  mill  engineering  option  at  the  in- 
stitute. 

PURDUE    UNIVERSITY 

At  a  meeting  of  the  Purdue  University  Student  Branch  on  April  17,  L.  W. 
Wallace  of  the  School  of  Mechanical  Engineering,  read  a  paper  on  the  Efficiency 
in  Railway  Management.  On  May  15,  C.  B.  Veal,  Mem.Am.Soc.M.E.,  spoke 
on  Aerial  Engineering. 

UNIVERSITY    OF    CINCINNATI 

At  a  meeting  of  the  University  of  Cincinnati  Student  Branch,  held  May  17, 
Mr.  Pollard,  mechanical  engineer  of  the  Cincinnati  Water  Works,  delivered  an 
illustrated  lecture  on  the  History  and  Development  of  the  Cincinnati  Water 
Works  System. 
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NECROLOGY 


HENRY   S.    ROBINSON 


Henry  S.  Robinson  was  born  at  Meredith,  N.  H.,  January  22, 
1831,  and  died  April  4,  1912.  After  completing  what  was  at  that 
time  considered  to  be  a  good  academic  education,  he  took  up  the 
active  duties  of  life  in  1847  as  assistant  engineer  of  the  Hamilton 
Manufacturing  Company  at  Lowell,  Mass.,  and  later  became  con- 
sulting engineer  for  the  same  company.  In  1849  he  went  to  the 
York  Mills  at  Saco,  Maine,  as  chief  engineer,  where  he  remained 
six  years.  From  1855  until  1861  he  and  his  brother,  James  R. 
Robinson,  were  in  business  at  CHnton,  Mass.,  as  consulting  steam 
engineers.  During  the  Civil  War  he  served  for  a  short  time  as 
assistant  engineer  in  the  Navy  and  later  in  the  Army  as  lieutenant 
in  the  36th  Regiment  of  Massachusetts.  From  1865  until  1873  he 
had  charge  of  the  steam  plant  at  the  Pacific  Mills,  Lawrence,  Mass., 
and  in  1873  engaged  in  the  business  of  boiler  manufacturing  at 
Boston,  at  the  same  time  acting  as  consulting  engineer  for  many 
of  his  former  clients.  Li  1892  he  retired  from  active  business  and 
allied  himself  with  The  Atlantic  Works,  Boston,  of  which  company 
he  was  vice-president  from  1892  until  1898,  and  president  from  1898 
until  his  death. 

From  an  engineering  standpoint,  Mr.  Robinson's  life  was  par- 
ticularly noteworthy  for  the  practical  results  which  he  achieved  in 
improving  methods  of  steam  boiler  construction  and  operation,  and 
in  convincing  his  clients  and  customers  of  the  desirability  on  eco- 
nomic grounds,  and  duty  for  humanitarian  reasons,  to  design,  con- 
struct and  operate  steam  boilers  with  a  careful  and  intelligent  regard 
for  the  natural  laws  affecting  them.  Before  his  death  he  had  the 
satisfaction  of  knowing  that  methods  wh'ch  he  had  advocated  and 
practised  many  years  before  were  being  quite  generally  adopted  by 
engineers  and  boiler  manufacturers,  and  in  some  particulars  were 
being  required  by  legislative  regulations. 

JOHN   T.    HAWKINS 

John  T.  Hawkins  was  born  in  Abingdon,  England,  December  22, 
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1828.  When  eight  years  of  age  ho  came  to  America  and  attended 
the  public  schools  of  New  York  City.  His  first  employment  was 
with  Hoe  &  Company,  printers,  with  whom  he  remained  until  July 
1861,  when  he  joined  the  Navy  as  third  assistant  engineer.  For 
efficiency  of  service  he  was  promoted  to  a  chief  engineer's  berth,  in 
which  capacity  he  served  until  the  close  of  the  war.  He  was  present 
at  the  attacks  on  Forts  Jackson  and  St.  Phillips,  the  capture  of  New 
Orleans  and  many  less  important  engagements.  The  following  four 
years  he  taught  engineering  chemistry  and  physics  at  the  United 
States  Naval  Academy  at  Annapolis,  and  then  together  with  George 
R.  Holt,  another  naval  officer,  resigned  from  the  service  and  engaged 
in  spool  making  at  Salisbury,  Vt.  His  next  connection  was  with  the 
Campbell  Printing  Press  and  Manufacturing  Company,  Taunton, 
Mass.,  of  which  he  became  president  and  was  in  entire  charge  of  the 
mechanical  part  of  the  business.  During  this  period  he  made  many 
improvements  on  printing  machinery  and  had  taken  out  over  fifty 
patents  on  his  inventions.  In  1897  he  became  consulting  engineer 
for  the  Crown  Cork  &  Seal  Company,  Baltimore,  Md.,  and  three 
years  later  retired  from  active  business.    He  died  April  29,  1912. 

REPORT  OF  MEETING 

BOSTON   MEETING,    MAY   26 

The  American  Institute  of  Electrical  Engineers  held  a  meeting  at  the  Harvard 
Union,  Harvard  College,  Cambridge;  Mass.,  on  May  26,  at  which  the  American 
Society  of  Civil  Engineers  and  the  Society  cooperated.  Following  the  inspection 
of  the  engineering  laboratories  in  Pierce  Hall,  supper  was  served  in  the  Union, 
and  Professor  Holhs,  Mem.Am.Soc.M.E.,  opened  a  discussion  on  the  field  for 
the  low-pressure  turbine.  He  spoke  at  length  of  some  installations  which  had 
come  especially  under  his  observation,  and  gave  his  views  as  to  the  field  for  such 
a  machine.  Others  taking  part  in  the  discussion  were:  S.  A.  Moss,  Mem.Am. 
Soc.M.E.;  G.  H.  Diman,  Mem.Am.Soc.M.E.;  F.  H.  Hayes,  Mem.Am.Soc.M.E.; 
W.  G.  Starkweather,  Mem.Am.Soc.M.E.;  C.  A.  Read,  Mem.Am.Soc.M.E.;  A.  E. 
Kennelly,  N.  J.  Neall,  F.  N.  Gunby  and  others.. 


EMPLOYMENT  BULLETIN 

The  Society  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium  of  securing 
better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention  and  is  most 
anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are  not  repeated 
e.tccpt  upon  special  request.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month. 
The  list  of  men  available  is  made  up  of  members  of  the  Society,  and  these  are  on  file  in  the  Society 
office,  together  with  names  of  other  good  men  not  members  of  the  Society,  who  are  capable  of  filling 
responsible  positions.     Information  will  be  sent  upon  application. 

POSITIONS   AVAILABLE 

0173  Instructor  in  steel  works  engineering,  design  of  mill  machinery  and 
furnaces,  wanted  by  engineering  school  in  western  Pennsylvania.  Technical 
graduate  with  at  least  six  years  of  practical  experience  preferred.  Excellent 
opportimity  for  right  man. 

0174  Consulting  factory  management  expert,  desires  to  negotiate  working 
agreement  or  co-partnership  with  gentleman  equally  qualified  in  the  organization 
and  management  of  sales  departments. 

0175  Company  manufacturing  hoisting  and  conveying  machineiy  located  in 
the  Middle  West,  desires  young  man  with  knowledge  of  shop  management  and 
wage  systems,  also  experience  in  machine  shop.  Give  full  details  of  experience, 
positions  held,  references  and  salary  accepted  to  start.  Permanent  position  in 
good  locality  assured  the  right  man.     Apply  through  Am.Soc.M.E. 

0176  Company  manufacturing  electric  cranes,  wants  experienced  designing 
engineer,  one  high-class  structural  draftsman  and  one  general   detail  draftsman. 

•  Applicants  must  give  fidl  information  as  to  former  positions,  experience  and 
salary  expected.    Aj:)ply  through  Am.Soc.M.E. 

0177  Wanted  for  plant  in  vicinity  of  Philadelphia,  young  or  middle-aged  man 
to  carry  out  under  direction,  the  details  of  a  cost  and  follow-up  system,  as  well 
as  arrangement  of  new  machinery.  Salary  dependent  largely  on  incumbent  and 
at  rate  from  $1500  to  $2500. 

0178  Young  designing  engineer  wanted  on  high-speed  automatic  steam 
engine  design;  experience  in  four-valve  engines.     Salary  $1000  to  $1200. 

0179  Assistant  superintendent  leading  to  position  of  superintendent.  One 
familiar  with  gas  engine  and  gas  tractors,  with  at  least  five  years'  expeiience  and 
from  35  to  4p  years  of  age;  familiar  with  modern  shop  practice  and  scientific 
management,  capable  of  organizing  and  good  executive  ability.  Salary  to  start 
$200  a  month. 

0180  Competent  mechanic  to  take  charge  of  new  shop.    Must  be  thoroughly 
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experienced  in  quantity  production  in  sheet  metal,  including  press  work,  drawing 
and  spinning,  and  experience  in  handling  men.  Prefer  man  experienced  in 
manufacture  of  light  steel  sheet  metal  boxes,  stamping  and  making  seamless 
cans;  enameling  sheet  steel.  State  age,  references  and  salary  .expected.  Loca- 
tion near  New  York.     Apply  through  Am.Soc.M.E. 

0181  Active  man  in  sales  engineering  department,  to  handle  feedwater 
domestic  service,  heating  system  heaters  and  expansion  joints,  in  and  about 
vicinity  of  New  York  City.  Technical  graduate  with  engineering  experience 
along  power  plant  line,  having  acquaintance  with  architects  and  engineers,  and 
general  engineering  trade  preferred.    Apply  through  Am.Soc.M.E. 

MEN   AVAILABLE 

446  Junior,  technical  graduate,  age  29,  married;  experienced  in  motor  car 
design  and  manufactiu-e,  desires  permanent  connection  with  concern  producing 
pleasure  or  industrial  motor  cars.  Now  holds  position  of  chief  engineer  with 
established  motor  car  company. 

447  Chief  engineer  or  superintendent  of  large  power  plant  or  number  of 
smaller  ones.     Experienced  in  railway  and  lighting,  also  construction  work. 

448  Position  as  chief  draftsman,  sales  engineer  or  assistant  manager,  wanted 
by  engineer  with  broad  experience  in  design  of  boilers  and  general  steel  plate 
construction.  Location  in  or  near  Baltimore,  Philadelphia  or  New  York  pre- 
ferred. 

449  Works  manager,  competent  to  organize  all  departments  of  manufactur- 
ing plant  along  modern  lines,  long  experience  on  light  manufacturing,  involving 
interchangeable  parts. 

450  Junior,  six  years'  experience  in  power  plant  and  fuel  engineering  work, 
desires  position  with  engineering  or  contracting  firm  in  design  or  construction. 

451  Member,  electrical  and  mechanical  engineer  having  office  in  high-class 
office  building  and  advantageous  business  connections,  desires  to  represent 
manufacturer  as  agent  in  Chicago  in  connection  with  engineering  practice. 

452  Five-thousand  dollar  man,  is  desirous  of  obtaining  a  position  as  chief 
engineer,  consulting  engineer  or  shop  manager.  Wide  experience  in  steam  and 
hydraulic  engineering.  Unsurpassed  references.  Location  in  or  near  New  York 
City. 

453  Junior,  thoroughly  acquainted  with  steam  machinery,  and  selling  con- 
ditions; exceptional  experience  in  agency  and  territorial  agreements,  will  con- 
sider opening  as  sales  manager  or  assistant  at  salary  and  commission.  Write 
care  of  Am.Soc.M.E. 

454  Competent  executive,  36  years  of  age,  eight  years'  experience  as  man- 
ager and  superintendent  of  industrial  plants,  desires  position;  broad  experience 
in  engineering  Unes,  machine  shop  practice,  organizing  and  systematizing; 
yearly  remuneration  during  past  five  years  averaged  $5000  per  year. 
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455  Member  with  extensive  experience  in  large  machine  and  tool  mami- 
facturing  plants  from  finest  and  most  accurate  classes  of  precision  work  to  the 
heaviest;  thorough  practical  knowledge  of  tools,  machinery,  equipment,  modern 
shop  practice  organization  and  management,  seeks  connection  as  superintendent, 
master  mechanic  or  factory  manager.  Salary  not  less  than  $3000,  and  can  earn 
more. 

456  Mechanical  engineer,  as  plant  engineer  or  engineering  general  assistant. 
Maintenance  and  construction  buildings,  power  and  miscellaneous  equipment, 
safety  fire  protection  and  transportation  systems,  experimental,  testing  and  in- 
spection departments;  railroad  government  and  factory  experience. 

457  Mechanical  graduate,  age  34,  wishes  to  change;  as  general  testing  and 
inspection  engineer,  mechanical,  electrical,  construction,  materials,  for  respon- 
sible service. 

458  Junior,  technical  graduate,  with  nine  years'  practical  experience  covering 
building  construction  and  superintendence,  machine  and  structural  design,  plant 
installation  and  improvements,  the  design  of  concrete  handling  plants  and  ap- 
pliances, desires  position  as  mechanical  engineer  or  assistant  to  consulting  en- 
gineer.    Location  New  York  or  vicinity.     Salary  $2000. 

459  Member  desires  change  of  location,  with  nine  years'  teaching  experience 
in  technical  subjects,  and  four  years'  practical  experience,  desu'es  position  in  the 
East  as  designing  engineer  where  some  inventive  ability  is  required.  Can  design 
and  superintend  the  building  of  automatic  macjiines  for  turning  out  special  work 
in  quantity.  Would  consider  teaching  position  in  drawing,  descriptive  geometry 
or  kinematics  of  machines. 

460  Graduate  mechanical  engineer,  with  extensive  experience  in  manufac- 
turing interchangeable  machinery.  Specially  good  experience  in  the  design  of 
machinery,  jigs,  and  fixtures  for  the  production  of  dupHcate  parts,  also  in  testing, 
handling  and  use  of  glues  and  adhesives.  Now  mechanical  engineer  with  large 
wood  and  iron  working  factory;  wishes  position  as  superintendent. 

461  Junior,  technical  graduate,  31  years  of  age,  married,  with  six  years'  e.x- 
perience  in  general  machine  shop  work,  six  years'  in  power  house  design  and 
construction  and  a  thorough  knowledge  of  modern  tools,  equipment,  shop  meth- 
ods and  management,  desires  position  as  superintendent  with  growing  concern. 
At  present,  chief  draftsman  for  power  house  engineers  and  contractors. 

462  Member,  mechanical  engineer,  power  house  design,  heating,  ventilating, 
etc.     Best  of  references,  open  for  engagement. 


ACCESSIONS  TO  THE  LIBRARY 

With  Comments  by  the  Librarian 

This  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of  acces- 
sions to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request 
from  Calvin  W.  Rice,   Secretary  Am.   Soc.  M.  B. 

Die  Abwarmeverwertung  im  Kbaftmaschinenbetrieb,  lAulwis  Schnei- 
der,   ed.  2.    Berlin,  1912. 

American  Practice  in  the  Rating  of  Internal  Combustion  Engines, 
T.  C.  Ulbricht.    1912.    Gift  of  tlie  author. 

The  American  Society  of  Mechanical  Engineers.  Yearbook,  1912.  New 
York,  1912. 

American  Society  of  Swedish  Engineers.  List  of  Members,  May  1,  1912. 
Broolilyn,  1912. 

American  Telephone  &  Telegraph  Company.  Auniial  Report  of  the  Di- 
rectors to  the  Stocldiolders,  1911.  Nmv  York,  1912.  Gift  of  the  com- 
pany. 

Bau  und  Betrieb  von  Kaltemaschinenanlagen,  C.  Heine].  Mimchen, 
1906. 

A  Book  of  Portraits.  Containing  photographs  of  564  of  the  1500  con- 
tributors to  the  Encyclopaedia  Britannica.  New  York.  Gift  of  Ency- 
clopaedia Britannica  Company. 

Central  Station  Heating,  B.  T.  Gifford.    New  York,  1912. 

Cold.  Vols.  1-2,  vol.  3,  nos.  1-7.  Calcium,  1909-1912.  Gift  of  Madison 
Cooper  Co. 

Concrete  Costs,  F.  W.  Taylor  and  S.  E.  Thompson.  New  York,  J.  Wiley 
cC-  Sons,  1912. 

Tables  and  recommendations  for  estimating  the  time  and  cost  of  labor  opera- 
tions in  concrete  construction  and  for  economical  methods  of  management.  The  in- 
formation given  in  the  tables  as  to  how  long  workmen  should  take  to  do  all  kinds 
of  tasks,  has  been  obtained  by  watching  one  man  after  another  while  he  was  doing 
a  day's  work,  and  noting  with  a  stop-watch  the  time  taken  in  doing  each  small  ele- 
ment of  the  trade. 

The  immense  amount  of  labor  involved  in  getting  together  the  data  for  this 
work  is  evident  from  the  statement  in  Mr.  Taylor's  introduction,  where  it  is  stated 
that  Mr.  Thompson  and  his  assistants  have  spent  seventeen  years  in  a  minute, 
painstaking  study  of  the  building  trades,  and  this  is  the  first  book  resulting  from 
this  work,  which  deals  with  the  time  and  cost  problem.  Works  are  promised  on 
earth  work;  bricklaying;  lathing:  plastering;  carpentry:  slating,  and  many  of  the 
smaller  trades.  It  is  certain  that  this  work  will  be  looked  on  in  the  future  as 
foreshadowing  a  new  era  for  the  workman,  as  well  as  for  the  contracting  employer. 

Mr.  Taylor  says  :  "  It  is  our  firm  conviction  that  the  introduction  of  the  prin- 
ciples of  scientiflc  management  into  this  field  will  produce  the  same  beneficent  re- 
sults that  have  been  secured  elsewhere  :  that  high  wages  earned  l)y  the  workman  and 
a  low  labor  cost  secured  by  the  employer  will  convince  both  sides  that  it  is  for  the 
interest  of  each  to  have  the  welfare  of  the  other  at  heart ;  that  friendly  co-opera- 
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tion  is  better  than  suspicious  watchfulness  or  open  antagonism;  that  peace  is  better 
than  war  And  if  this  book  helps  in  bringing  about  this  result  it  will  have  fulfilled 
its   most   important  object." 

CONGRESO    ClENTIFICO    (lo  PaN    AMERICANO )    GlENCIAS    NATtIBAI£S,    ANTROPO- 

LOGiCAs  Y  Etnologicas.    Vol.  2.     Santiago  de  Chile,  1911.    Gift  of  the 
congress. 

CONGRESO   ClENTIFICO    (lo    PaN    AMERICANO )    AORONOMIA    Y    ZOOTECNIA.      Vol. 

15.     Santiago  de  Chile,  1911.  Gift  of  the  congress. 
Elementary   Mechanical   Refrigeration.      A    Simple   and   Non-technical 

Treatise,  F.  E.  Matthews.    New  York,  1912. 
Encyclopaedia  Britannica.     ed.  11,  vols.  1-29.     Cambridge,  1910. 
Engineering  Society  of  Wisconsin.     Proceedings  of  3d  Annual  Conven- 
tion, 1911.    Madison,  1911.    Gift  of  the  society. 
Das  Flugzug  fIjr  die  Kriegsmarine  und  den  Wassersport,  Theorie  und 

Praxis  im  Bau  der  Wasserflugzeuge    (und  Gleitboote),   K.   F.   M. 

Rosner.    Berlin,  1912. 
Forscherarbeiten    auf   dem    Gebiete   des    Eisenbetons.      pt.    18.      Berlin, 

1912. 
T'EBER  Grundlagen  fur  den  Bauvonkraft-wagen,  Dr.  Hofmann.     Berlin, 

1912. 
Hjoeth,  Soren.     Inventor  of  the  Dynamo-electric  Principle,  Sigurd  Smith. 

Kohcnhavn,  1912. 
International  Congress  of  Refrigeration  (2d),  Vienna.    English  edition. 

1910.     Vienna,  1911. 
Lehrbuch  der  Thermochemie  und  Thermodynamik,  Otto  Sackur.     Ber- 
lin, 1912. 
Der  Luftwiderstand  und  der  Flug,  G.  Eiffel.     Berlin,  1912. 
Mitteilungen    tJBER    Versuche    ausgefuhrt  vom   Eisenbeton-Ausschuss 

des  osterreichischen  Ingenieur  und  Architekten  Vereins.     Vol.  1. 

2.     Leipzig,  1912. 
Motorwagen    und   Fahrzeugmaschinen     fur    flussigen    Brennstoff,    a. 

Heller.    Berlin,  1912. 
National  Association  of  Railway   Commissioners.     Proceedings  of  23d 

Annual  Convention.     Chicago,  1912. 
Eine  neue  Verwendung  des  Gusseisens  bei  Saulen  und  Bogenbrucken, 

F.  von  Emperger.     Wilhelm  Ernst  &  Sohn.    Berlin.  191 1. 

Attention  has  been  called  to  Dr.  Emperger's  "  strapped  "  concrete  in  the  Foreign 
Review  of  The  .Touunai,  (April,  1912,  p.  636).  This  system  consists  in  covering  a 
cast-iron  member  by  a  concrete  jacket  strapped  all  around  by  a  wire  helix.  The 
cast-iron  member  may  be  either  a  solid  column,  or  a  hollow  tube.  The  present 
pamphlet,  written  by  the  inventor  of  this  system,  who  is  also  editor  of  Beton  und 
EiNcn,  contains  numerous  data  of  tests  of  strapped  concrete  and  rules  for  the  design 
of  columns,  as  well  as  the  principles  of  design  of  arched  bridge  members  in  strapped 
concrete-iron  tubes.  The  advantages  claimed  for  the  Emperger  system  of  construc- 
tion are  that  it  adds  to  the  toughness  of  tlie  cast  iron,  and  makes  the  concrete  con- 
struction  more  reliable. 

New  Jersey  Public  Utility  Board.     Annual  Report,  2d,   1911.      Trenton. 

1913.     Gift  of  the  board. 
New  York  City  Board  of  Water  Supply.     Contract  132.     Borings  on  and 

near  the  site  of  the  proposed  Silver  I^ake  reservoir,  1912.    Gift  of  the 

board. 
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PiiENoArKNES  Thermique  de  l'Atmosph£;ee,  r^niile  Schwoerer.  Pa/ris. 
Gift  of  the  author. 

I»oLYTECHNic  ENGINEER.  Vol.  12,  1912.  BrooMyn,  1912.  Gift  of  Polytech- 
nic Institute  of  Broolvlyn. 

Tress  Reference  Library  (Southwest  Edition).  Notables  of  the  South- 
west.    Los  Angeles,  1912.     Gift  of  Los  Angeles  Examiner. 

Kapport  sur  UN  MfiMoiRE  DE  M.  Emile  Sciiwoerer  Intitule  "  Les  Ph6- 
NOMi;;NES  Thermiques  de  L' Atmosphere,"  M.  E.  Bouty.  Paris,  1910. 
Gift  of  E.  Schwoerer. 

Refrigeration,  Cold  Storage  and  Ice  Making,  A.  J.  Wallis-Tayler.  ed.  3. 
A'eio  York,  1912. 

Reinforced  Concrete  Buildings,  E.  L.  Ransome  and  Alexis  Saurbrey. 
New  York,  1912. 

Robinson.  Stillman  Williams.  A  Memorial.  Columhus,  Ohio  State  Uni- 
versitu,  1912.    Gift  of  Ohio  State  University. 

Rotor  ein  deutscher  Rotations-Flugmotor,  F.  Hansen.     Berlin,  1912. 

Sanitary  Problems  of  the  Board  of  Water  Supply,  A.  J.  Provost,  Jr. 
(Reprint  from  Municipal  Engineers  of  the  City  of  New  York,  1911.) 
Gift  of  the  author. 

Selbstkostenberechnung  gemischter  Werke  der  Grosseisen-industeie, 
H.  Wagner.    Berlin,  1912. 

Speed  and  Power  of  Ships,  D.  W.  Taylor.    Vols.  1-2.     New  York,  1911. 

Sperry"  Gyro-Compass  and  Navigation  Equipment.  Neiv  York,  1912.  Gift 
of  Sperry  Gyroscope  Company. 

Die  Spezialstahle,  G.  Mars.     Stuttgart,  1912. 

Swedish  Engineers'  Society  of  Chicago.  Year  Book  1911,  1912.  Chi- 
cago, 1911-1912.    Gift  of  society. 

Das  Trocknen  und  die  Trockner,  Otto  Marr.    MUnchen,  1910. 

Twelve  Principles  of  Efficiency,  Harrington  Emerson.     New  York,  1912. 

Valuation  of  Public  Utility'  Properties,  Henry  Floy.  New  York,  Mc- 
Graw-Hill Book  Co.,  1912. 

The  author  has  been  engaged  for  several  years  in  valuing  property  aggregating 
liundreds  of  millions  of  dollars.  A  similar  work  by  Horatio  A.  Poster  was  issued 
at  about  the  same  time.  The  valuation  of  public  utilities  has  become  an  important 
part  of  the  plans  for  the  regulation  of  public  service  corporations,  and  the  appear- 
ance of  these  volumes  is  especially  timely.  The  discussion  of  the  vexed  question  of 
deiirociation  is  particularly  full. 

Walworth-English-Fleet  Company.  "  1912  U.  S.  Standard  "  schedule  of 
standard  weight  and  extra  heavy  flanged  fittings  and  flanges.  Boston. 
1912.     Gift  of  the  company. 

Zeitschriftenschau  der  gesamten  Eisenbetonliteratur  1911,  R.  Hoff- 
mann and  A.  Fitzinger.     Berlin,  1912. 

Die  Zwischendampfverwertung  in  Entwicklung,  Theorie  und  Wirt- 
schaftlichkeit,  Ernst  Reutlinger. 

Geft  of  Me.  E.  B.  Renwick 

The  Society  wishes  to  thank  Mr.  E,  B.  Renwick  for  a  large  number  of 
interesting  books  and  pamphlets  which  he  has  placed  at  the  disposal  of  the 
United  Engineering  Society  Library. 
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Steam  Less  Than  That  of  Atmospheric  Pressure,  R.  C.  Carpenter. 

Gift  of  the  author. 
Kentucky  Agricultural  Experiment  Station  of  the  State  University. 
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Gift  of  the  agricultural  experiment  station. 
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of  Safety. 
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Rules  of  Practice  in  the  United  States  Patent  Office.     Revised  July 
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Titanic  Disaster.     Report  of  the  Committee  on  Commerce  United  States 

Senate.     Washington,  1912.     Gift  of  Senator  W.  A.  Smith. 
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Wiley  d  Sons,  1912. 
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37,000  copies  have  been  printed,  the  first  edition  being  issued  in  1889.  The  great 
increase  in  the  development  of  the  water  power  plants  in  the  country  emphasizes 
the  importance  of  a  thorough  revision  of  this  standard  work. 

Switzerland — Patente  Jahres-Katalog  XXIII  Jahrgang.  1911.     Brevets. 

Cataloi-'ue  Annuel  XXIIIme  Annee,  1911.     Brugg,  1912. 
Who's  Who  in  America.     1912-1913,  vol.  7.     Chicago,  1912. 

EXCHANGES 
American  (Jas  Institute.     I'roceedings.     1911,  pts.  1-2.     TSlew  York,  1912. 
Amp:rican  Society  of  Heating  and  Ventilating  Engineers.   Transactions. 

vol.  IC.     Ncic  York,  1910. 
Institution  of  Mechanical  Engineers.     List  of  Members,  March  1,  1912. 

London,  1912. 
Western  Society  of  Engineers.     Year  Book,  1912.     Chicago,  1912. 

TRADE    CATALOGUES 

Alijergek  I*ump  Co.,  New  York.  Alberger  centrifugal  pumps  and  steam 
turbines,  71  pp. 

American  Blower  Co.,  DefroU,  Mich.  Bull.  no.  330,  "Ventura"  disc  ven- 
tilating fans,  19  pj). 

S.  F.  Bowser  »&  Co.,  Fort  Wagne,  Iml.  Bowser  oil  filtration  and  circulating 
systems,  28  pp. 

Bristol  Co.,  Waterhurih  Conn.  Bristol's  recording  gages  for  pressure  and 
vacuum,  03  pp. 
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Hess-Bbiqht  Mfg.  Co.,  Philadelphia,  Pa.     Ball  bearings  iu  wood-working 

machinery,  31  pp. 
Hewitt  Motor  Co.,  New  York.     Hewitt  trucks,  42  pp. 
Ideal  Case  Hardening  Compound  Co.,  New  York.     Case  Iiardening,  pack 

hardening,  annealing  with  ideal  compound,  20  pp. 
M.  W.  Kellogg  Co.,  New  York.    Fire  welding  of  pipe  tlangos  and  nozzles, 

12  pp. 
J.   E.   liONKRGAN   Co.,   Pli iliidcl jili id,    I'd.     I'.oiler  steam   and  gas   engine   tit- 
tings,  do  pp. 
The  Lunkkniikimeb  Co.,  Ciiicitiiiati.   (>.     Urass  and   iron   valves.   Inbrica- 

tors,  oil  pnmps,  motor  accessions  and  machine  supplies.  (i.~(4  pji. 
W.  M.  Matthews  &  Bros.,  St.  Louis,  Mo.     Supplies  for  telephone,   light, 

railway  and  general  electric  use,  152  pp. 
Min-WESTERN  Cab  Supply  Co.,  Chicago,  111.     Anderson  friction  draft  gear, 

12  pp. 
Morse,  Williams  &  Co.,  Philadelphia,  Pa.    Hudley  worm  gears  and  spirals. 

110  pp. 
Siemens  &  Halske,  Berlin.    Frahm  vibration  tachometer,  S  pp. 
Thomson  Electric  Welding  Co.,  Lynn,  Blass.     Electric  welding  machines, 

72  pp. 
Wellington  Machine  Co.,  Wellington,  O.     Brick  'machinery,  52  pp. 
Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa.     Circular  No. 

109A,  Westinghouse  turbo-alternators,  36  pp. 
Weston  Electrical  Instrument  Co.,  Netvark,  N.  J.     Miniature  precision 

direct-current  instruments,  31  pp. 
Henry    R,    Worthington,    New    York.      Outside    packed    plunger    pattern 

pumps,  40  pp. 
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THE   WARNER   &   SWASEY   COMPANY 

Works  and  Main  Office:  CLEVELAND,  U.  S.  A. 
Branch  Offices:    NEW  YORK,  BOSTON,  CHICAGO  and  DETROIT 


TURRET  LATHES        TURRET  SCRE]V  MACHINES        BRASS-WORKING  MACHINE  TOOLS 

Two  highly  efficiout  machines  in  ONE— C()nit)ininp;  the  RAPIDITY  and  ACCURACY 
of  the  modern  Turret  Lathe  and  the  SLMPLICITY  and  ADAPTABILITY  of  the 
Engine  Lathe,  is  the 

Universal  Hollow-Hexagon  Turret  Lathe 

Two  independent  tool  car- 
riages, operating  simultane- 
ously; multiple  cutting  tools; 
geared  -  head  single  pulley 
drive;  great  strength,  rigidity 
and  adaptabihty 

Two  sizes — 

No.  2A— Capacity:    Bar  work   '2{\ 

26";  castings  and  forgings  12". 

No.  3A— Capacity:   Bar  work   3jx 

36";  castings  and  forgings  15". 

No.  JA — With  "Chucking  Equipment" 


Diesel  Type  of 

Crude-Oil  Engines 

Are  Now  Built  in  America 


Those  Wonderful  Crude-Oil  Engines 
(Diesel  Type)  Used  Extensively  in  Europe, 
Are  Now  Built  in  America 
in  their  most  Perfected  Form  for  station- 
ary service. 

This  type  of  engine  costs  about  one- 
fifth  as  much  to  operate  as  a  steam  plant. 

Built  in  2  and  3  cylinder  units  300 
and  450  B.  H.  P.  and  multiples  thereof. 

Descriptive  Bulletin  on  request. 


ATLAS  ENGINE  WORKS 
Indianapolis 


EXTRACTS  FROM  THE  BOOK  OF  THE 
HARTNESS    FLAT    TURRET    LATHE 

Copies  cheerfully  mailed  on  request 

JONES  &  LAMSON 

MACHINE 
COMPANY 

SPRINGFIELD,  VT.,  U.  S.  A. 
^>    Queen  Victoria  St.,  London,  E.  C. 

France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray, 
9  and  11  Rue  des  Envierges,  Paris.  Italy,  Adler  & 
Eiscnschitz,  Milan.  Germany,  Holland,  Belgium, 
Switzerland,  Austria-Hungary.  M.  Koyemann,  Char- 
ottenstrasse  112,  Dusseldorf,  Germany. 


2  X  24-inch  Flat  Turret  Lathe  with  Cross  Shding   Head,   Equipped  for    Bar  Work 

(Countershaft  Drive) 


2  X  24-inch  Flat  Turret  Lathe  with  Cross  Sliding  Head,  Equipped 
for  Bar  Work  (Motor  Drive) 


The  Hartness  Flat  Turret  Lathe  with  cross  shding  head 
is  made  in  two  sizes,  and  may  be  furnished  with  an  equip- 
ment of  tools  for  either  bar  work  or  chuck  work,  or  a  double 
equipment  for  both  bar  and  chuck  work. 

The  smaller  machine,  shown  above  and  on  preceding  page, 
is  called  the  2  x  24-inch,  and  when  equipped  with  the  auto- 
matic die  outfit  of  tools  it  turns  nearly  every  conceivable 
shape  under  dimension  of  2j^  inches  diameter  and  24  inches 
of  length.  The  hole  through  the  spindle  is  now  made  23/^ 
inches.  For  various  details  of  working  range  and  outfit  for 
bar  work,  see  pages  14  to  44.     Itemized  outfit,  pages  86  and 

^7-         .  .  . 

This  machine,  equipped  for  chuck  work,  is  described  on 

pages  45  to  85.    See  also  pages  22  to  26. 

The  machine  may  be  ordered  with  either  the  chucking 
or  bar  outfit,  and  supplied  later  with  the  other  outfit,  if  for 
any  reason  the  machine  should  be  changed  from  bar  to  chuck 
work,  or  vice  versa.  Since  the  chucking  outfit  is  compara- 
tively inexpensive,  it  is  frequently  ordered  with  the  bar 
outfit  of  one  or  more  machines  of  a  lot,  so  that  at  least  one 
machine  may  be  used  on  short  notice  for  chuck  work. 


MESTA 


DESIGNERS  &  BUILDERS 


.'siflg  [i.^,ne  bjiitfuf  Befhrehem  Steel  Co- 


"IMPERIAL" 

AIR  MOTOR 

HOISTS 


For  Safety,  Speed  and  Economy 
in  Hoisting 

The  worm  gearing  of  "Imperial"  Air  Motor  Hoists  affords  an 
absolutely  positive  locking  of  load  in  any  position,  without 
the  use  of  a  brake.  The  materials  throughout  give  ample 
strength  and  the  design  affords  an  ample  factor  of  safety. 
This  means  safety  in  hoisting. 

The  high  speed  motor  of  the  "Imperial"  Hoist  is  so  geared  to 
the  drum  as  to  give  a  very  high  hoisting  speed  without 
danger  of  injury  or  slip.     This  affords  speed  in  hoisting. 

The  efficient  "  Imperial  "  air  motor,  the  carefully  designed 
gearing,  the  enclosed,  self-oiling  construction,  combine  to 
minimize  the  mechanical  losses.  This  means  economy 
in  hoisting. 

Safety,  speed  and  economy  in  hoisting  mean  a  saving  in 
floor  space,  labor  expense  and  handling  cost  in  all 
classes  of  service — all  afforded  in  highest  degree  by 
the  "Imperial"  Air  Motor  Hoist. 

Let  us  send  you  Bulletin  8006. 

NEW  YORK INGERSOLL-RAND  CO.^ondon 

Offices  in  All  I'rincipal  Cities  of  the  World. 
Compressors  Air  Tools  Air  Hoists  Sand   Rammers 


Foster  superheaters 

Will  give  increased  efficiency  and 
economical  results  in  the  operation 
of  any  plant  using  steam.  Can  be 
applied  to  boilers  of  any  type,  old 
or  new. 

ADVANTAGES: 

Greater  efficiency   in    engines    and    turbines 
Increased  duty  of  pumping  engines 
Increased  capacity  of  steam  turbines 
No  drips  from  joints  or  stuffing-boxes 

Higher  Temperatures  More  heat  units 

Greater  Volume  Water  Troubles  eliminated 

Decreased  friction  Saving  in  steam 

Saving  in  coal  Perfect  gas  properties 

Better  vacuum  Less  steam  to  condense 

Smaller  piping  Reduced  load  on  boilers 

USES: 

Steam  engines       Drying  rooms         Industrial  plants 
Steam  turbines     Chemical  works     Asphalt  reduction 
Heating  systems   Wood  preserving   Evaporating  tanks 


We  will  be  glad  to  send  you  some 
interesting  and  useful  publications 
dealing   with    this   whole    subject. 


POWER  SPECIALTY  COMPANY 

1 1 1  BROADWAY.   NEW  YORK 

BRANCH   OFFICES 

BOSTON  CHICAGO  PHILADELPHIA  PITTSBURGH 

SAN  FRANCISCO  BIRMINGHAM,  ALA. 


Announcement 

The  Nelson  Steel  Valve  Catalogue  is 
now  ready.  It  is  published  for  users  of 
high  pressure  and  superheated  steam. 


Respect  for  safety,  desire  for  real  economy,  have 
created  large  sales  of  Nelson  Acid  Open  Hearth 
steel  valves,  even  though  only  a  few  types  were 
shown  in  our  1909  catalogue.  Our  shops,  as  a  result, 
are  running  night  and  day  on  steel  valve  orders. 

In  the  face  of  almost  daily  demand  for  it  we  have 
delayed  publication  of  the  new  book  until  now,  be- 
cause we  wished  to  include  a  full  line,  from  which 
you  could  select  any  type  of  valve  needed  for  high 
pressure  hydraulic  work,  high  pressure  saturated 
steam  or  superheated  steam. 

The  line  includes  Gate,  Globe,  Angle,  Vertical, 
Xon  Return  Stop,  Non  Return,  Check  and  Blow- 
off  Valves,  all  sizes.  These  are  shown  clearly  and 
in  convenient  form  in  Catalogue  S,  now  ready. 

We  will  send  a  copy  if  you  say  so. 

Nelson  Valve  Company 

Philadelphia 

Xew  York,  30  Church  St.  San  Francisco,  22  Battery  St- 

Minneapolis,  022  Andrus  Bldg.         Chicago,  17  W.  Kinzie  St. 
Pittsljurgli,  .')17  Lil)erty  Ave.  Butte,  Mont.,  56  E.  Broadway 

Montreal,  12-14  University  St. 


MEAD -MORRISON 

MANUFACTURING  COMPANY 


THE  McCASLIN  CONVEYOR 


T 


HE  above  illustration  is  of  one  of  the  four  McCaslin  Con- 
veyors in  the  plant  of  the  Riverside  Portland  Cement 
Company,  Riverside,  Cal. 

It  shows  the  upper  run  of  McCaslin  Conveyor  No.  3  leaving 
the  hopper  over  rotary  coolers,  passing  through  the  roof  of  kiln 
building  and  over  clinker  storage.  One-half  of  the  hot  clinker 
is  discharged  into  hopper  over  coolers  and  the  remaining  half 
is  discharged  into  clinker  storage  by  means  of  a  movable  dump- 
ing device  illustrated  in  this  picture. 

Correspondence  Invited 

WORKS  AND  GENERAL  OFFICES 


Cambridge,     Mass. 


New  York 

Chicago 

Baltimore, 


149  Broadway 
Monadnock  Block 
821  Equitable  Building 
Montreal 


Pittsburg, 
San  Francisco 
New  Orleans 
286  St.  James  St. 


108  Parkway,  N.  S. 

Metropolis  Bank  Bldg. 

no  North  Peters  St. 


I    CHICAGO    i 

PNEUMATIC    TOOL 

t    COMPANY    i 


^If 


General  Offices,    Fisher  Building.    Chicag-o. 
Eastern  Offices,   SO  ChiTch  St.,  New  York. 


Manufacturers  of  ''CHICAGO   PNEUMATIC" 
E4  ^^  Compressors  and  a  complete  line 
—  of  Pneumatic  Tools  and  Appliances.   :: 


"CHICAGO  PNEUMATIC"  AIR  COMPRES- 
SORS are  especially  designed  for  all  classes  of  com- 
pressed air  equipment  m  machine  shops,  boiler  shops, 
railroad  shops,  ship  yards  and  in  bridge  and  building 
construction  work,  and  for  every  other  purpose  in 
which  compressed  air  is  employed. 


''CHICAGO  PNEUMATIC 
AIR   COMPRESSORS 

WRITE      FOR      CATALOGUE 


Second  Multi-Sta^e  Compressor  furnished  Deere  &  Co. 

Save  50%  of  Your  Floor  Space 
Cut    Your    Operating    Costs    20% 

Secure  Uniform  Non-Pulsating  Air  Pressure 

Deere  &  Company  of  Moline,  111.,  did  by  blowing  their  furnaces  with 

G-E   Centrifugal    Air    Compressors 

and  placed  repeat  orders  in  consequence. 

Remember  these  compressors  use  oil  only  for  the  bearings  which  use  it  over  and 
over  again,  and  have  no  wearing  parts  within  impeller  casing  to  impair  their  high 
initial  efficiency. 

They  have  broken  production  records  whenever  used  for  blowing  cupolas,  gas  or 
oil-fired  furnaces  and  blast  furnaces. 

These  compressors  are  direct  connected  to  either  motors  or  Curtis  steam  turbines. 
There  is  no  gear  reduction  as  in  some  types  of  blowers  and  no  reciprocating  parts  as 
in  other  types  of  blowers.  Elimination  of  these  features  is  the  cause  of  the  low  annual 
maintenance  cost. 

The  oil  supplies  for  ore  2,000  H.  P.  multi-stage  blast  furnace  blower  actually  cost 
only  $2.16  a  month  over  a  period  of  10  months. 

For  your  oil  burning  drop  forge  shop  the  small  single-stage  two-pound  compressors 
are  ideal.     These  can  be  obtained  in  10,  20,  30,  50  and  75  H.  P.  sizes. 

General   Electric  Company 


Principal  Office 
Schenectady,  N.  Y. 


361S 


Sales  Offices  in 
All  Large  Cities 
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-»-/.'•?  ere  SOS 


S  ^agpiwan) 


■s: 


The  Men  Who  Design  (i=E 
Industrial  Control  Devices 

co-operate  with  the 

Men  Who  Know  Motors 

and  understand  every  phase  of  their  ap- 
phcation. 

This  is  one  of  the  many  exceptional 
advantages  which  enable  the  General 
Electric  Company  to  produce  Control 
Devices  of  greatest  value  to  the  men 
who  use  them. 

G-E  Industrial  Control  Devices  are 
made  for  every  class  of  industrial  service. 
A  few  of  these  are  illustrated  on  this  page. 

Complete  information  directly  applica- 
ble to  your  problems  furnished  on  request 

General  Electric  Company 

Largest  Electrical  Manufacturer  in  the  World 

Principal  Office  :  Schenectady,  N.  Y. 

Sales  Offices  in  all  Large  Cities  3637 
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Force  Feed 
Lubrication  Pumps 

are  made  in  any  number  of  Feeds         C 
or   compartments  as  they  may  be 
ordered.  r 

^    The   most 


substantial, 

simplest 

in  construction 

and  reasonable  w  WUf 

in  price  of  any  pump  that  is  made.        iL  rill 


SECTIONAL      VIEW 

OF  PUMP  USED  ON 

OUR    FORCE    FEED 

LUBRICATING 

PUMPS 


WRITE  FOR 
CATALOGUE 


TRIPLE  PUMP  WITH  SIGHT  FEEDS 


HILLS  -  McCANNA  Company 


153  WEST  KINZIE  STREET 


CHICAGO,  ILL. 
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Drive  Your 
Compressors 

With 


Westinghouse 
Synchronous  Motors 

and  reduce  your  power  expense 

IN  some  compressor  installations,  direct-connected 
■'■  Westinghouse  self-starting  synchronous  motors  have 
actually  paid  for  themselves  in  a  few  years  by  the  re- 
duction they  caused  in  the  power  bills.  In  others,  it 
can  be  figured  that  the  power  required  to  drive  the 
compressors  cost  nothing. 

How  is  this  done?  These  motors  will  raise  your  power 
factor.  This  means,  if  you  make  your  own  power,  di- 
rectly increasing  the  capacity  of  your  present  generators, 
transformers,  and  transmission  lines,  improving  the  voltage 
regulation,  and  raising  the  efficiency  of  your  entire  in- 
stallation. 

Many  central  stations  give  better  rates  for  a  high  power 
factor  installation  than  for  a  low  one. 
Then,  too,  these  motors  require  the  least  floor  space,  cost 
less  to    install  than  other  types,  and  have  the  highest 
efficiency. 

Their  first  cost  is  not  higher  than  for  motors  of  other 
types  and  in  very  large  sizes  it  is  less. 

Write  to  Dept.  6  today  for  complete  information  regarding 
Westinghouse  Synchronous  Motors  and  their  application. 

Westinghouse  Electric  &  Manufacturing  Co. 

Sales  Offices  in  45  American  Cities  East   Pittsburgh,    Pa. 
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<THE  TRIPLEX  BLOCK> 


_iALE  65 

HOI^Tl 


^  This  Book 

Shows  the  Latest 
Hoisting"  Practice 


A 


Our  New  Catalog:,  100  Pages.    6x9  imlies. 


REQUEST  In-  mail  will 
luring  this  hand  book  of 
hoists.    The  most  practical 

book  for  a  large  or  small   shop 

ever  puljlished. 

Write  today  before  you  forget  it. 

The  Yale  &Towne  Mfg.  Co. 

The  Makers  of  Yale  Products 

i»  Murray  St.,  New  York,  U.  S.  A. 

Local  Offices  : 

Cliicafro,  7-1  East  Randolph  Street 

San  Francisco,   10-1  Rialto  Building 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 


JOHN    A.    ROEBLING'S    SONS 

TRENTON,   N.  J. 


New  York 
San  rrancisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


COMPANY 


Cleveland 
Seattle 
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Practical  unci  economical  method 
of  removing  and  loading  ashes 
from  office  and  other  city  build- 
ings with 

Jeffrey  Telescopic 
Ashes  Elevator 

Handles  ashes  direct  from  fur- 
nace to  wagon.  Only  one  hand- 
ling necessary.  When  not  in  use 
it  is  lowered  by  its  own  ma- 
chinery and  disappears  below 
the  walk  or  pavement. 


Catalogue  No.  S-J-A  illufitrnti's  over  fifty  coal  and  ashes  handling  equipments. 
Mailed  on  request  oidy. 

The  Jeffrey  Manufacturing  Company 


COLUMBUS,    OHIO 


New  York 

Boston 

Montreal 


Pittsburg 
Charleston,  W.Va. 
Atlanta,  Ga. 


Birminghat 
Chicago 
St.  Louis 


Denver 
Seattle 

(7-l-lL'J 


GOODRICH   CONVEYOR   BELT 

Lowest  cost  per  ton 
of  material  handled 

Buying  a  belt  by  its  first  cost  is  like  looking  through  the 
wrong  end  of  a  telescope — the  cost  merely  looks  small. 

The  whole  matter  of  buying  conveyor  belting  should  sift 
down  to  this  one  bed-rock  point:  "How  much  will  it  cost 
me  per  ton  of  material  handled." 

You  cannot,  of  course,  know  from  personal  experience  that 
Goodrich  Conve.yor  Belts  cost  least  per  ton  of  material 
handled— but  you  can  be  guided  by  the  records  of  this  belt 
in  the  hands  of  others  in  your  particular  line. 

That  is  what  we  are  prepared  to  send  you — the  records  of 
this  belt  in  the  service  of  others  in  your  line.  We  will  also 
send  you  a  sample  of  the  belt,  and  our  booklet  explaining 
its  construction — you  will  be  glad  that  you  sent 
for  all  three.  Write: 

The  B.  F.  Goodrich  Co.,  Akron  O. 

Largest  in  the  world  tbaBe  mark 


1.5 


Relative 
Economy 


E.B1CCSON    Hot   Aip  Engine 
^^^■i     Simple    Automatic   NoN'Cuno£nsing  Ste. am  Engine 
■■^^^^^^■l^H  Compound  Condensing  Corliss  Steam  CnGin£ 
^^H^^^H^^^^^^^I  Gasoline:  Engine 
■■^■^■■■■■■^^■■■^■■■^■1  DlLaVlrcne  4Cvci.c  Gas  Engine 


I  De  La  Vergne  Oil  Engine 
type"fh' 


To  the  power-consuming  manufacturer  the  subject  of  economical  prime 
movers  is  one  of  rapidly  increasing  importance. 

The  fuel  consumption  of  an  engine  depends  on  two  factors — its  mechani- 
cal efficiency  and  its  thermal  efficiency. 

In  all  modern  engines  the  mechanical  efficiency'  has  reached  the  limit  beyond 
which  it  cannot  go. 

To  decrease  fuel  consumption  we  must  therefore  increase  thermal 
efficiency.     Thermal  efficiency  is  a  measure  of  economy. 

The  diagram  above  indicates  the  thermal  efficiency  of  the  De  La  Vergne  type 
"FH"  oil  engine  in  comparison  with  the  thermal  efficiencies  of  various  other 
heat  engines.  The  lengths  of  the  respective  bars  represent  the  highest  thermal 
efficiency  (referred  to  delivered  horse- power)  reported  by  various  authorities  for 
the  different  engines. 

Our  bulletin  No.  112  tells  you  more  about  the  De  La  Vergne  type  "FH"  oil 
engine.     It  is  sent  free  on  request. 

E,sV^i8.H      DE   LA  VERGNE       "'cZ"" 

street  MACHINE  COMPANY.  "«"  ^ork 

We  also  build  Gas  Engines  and  Refrigerating  Machines. 


Compressed  Air 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

No.  Price 

584    A  Note  on  Compressed  Air,  Frank  Richards $0.20 

804    A  Pneumatic  Despatch  Tube  Sj'stem,  B.  C.  Batcheller 30 

824     New    System    of    Valves    for    Steam     Engines,    Air    Engines    and 

Compressors,  F.  W.  Gordon 20 

894    Test  of  an  Hydraulic  Air  Compressor,  W.  O.  Webber 10 

1015    Air  Motors  and  Air  Hammers,  M.  H.  Wickhorst 10 

1017     Air   Improvement    in    Valve   Motion   of   Duplex    Air   Compressor, 

S.  H.  Bunnell 10 

1131     A  High  Duty  Air  Compressor,  O.  P.  Hood 30 

1243     Tests  on  Compressed   Air  Pumping  Systems  of  Oil   Wells,  E.   M. 

Ivens .20 

$1.50 

Set  Complete  $1.40  Members  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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THE  GARVIN  MACHINE  COMPANY 


Garvin  Die  Slotting  Machine 
Use  Code — Quietus 
Adjustments — "xojxll^  in.     Stroke — Sj 


Manufacturers  of 
MILLING    MACHINES 

all  Stylas  and 
Sizes 

SCREW  MACHINES 

MONITOR   LATHES 

FORMING    MACHINES 

CAM    CUTTING   MACHINES, 

TAPPING   MACHINES 

DRILL  PRESSES 

CUTTER  GRINDERS 

HAND  LATHES 

SPRING  COILERS 

and 

SPECIAL  MACHINERY 

SLOTTING    MACHINES 
OFFICE  AND   WORKS 

137  Varick  Street 

NEW  YORK  CITY 

Visitors  Welcome 


High-Speed  Steam-Hyaraulic  Forging  Presses 

double   your    production   with    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Typj 
LARGE   SIZES— Four   Column  Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

UANUPACTI7BXD  tJNDER  DAVY  BROS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 


2300   FARMERS'    BANK   BUILDING 


PITTSBURG,   PA. 


BALANCED  DRAFT  SYSTEM 

(J  t 

FURNACE  REGULATION 

A   iScientitic   System   fnr    Ensuring  the  Greatest  Economy  in   the 

/^■■■^i^^^^^BIH^MBS^BBx      n^    ^'~' —  ~ 

v^ouiuusiion  oi   ruei  in  i^oners — 

1  --^^^^^.**^^^^^^^^^^^^^^^^^^^^^^^BBiy|| 

Balances  your  Draft,  Automati- 
cally Regulates  your  Air  Supply, 
for  All  Rates  of  Combustion.     It 

individualizes   vour   boiler  units, 

making  each  unit  work  up  to  its  pro 
rata  share  of  the  total  output  of  the 

plant — gives  a  regulation  of  the  air 

supply  with  respect  to  the  thick- 
ness of  fuel  bed  in  each  boiler. 

A 

^^^^^^^BHI^^^^^^^^^^^^^^H 

"It  Makes  Firing  Easy." 

FOREIGN  LICENSEES: 

Hotchklss  &  Cie,  Paris.  France. 

Thwaites  Bros.,  Ltd.,  Bradlord,  England. 

The  Westlnghouse  Company,  Ltd.,  St.  Petersburg, 

Russia. 
Societe  A.  Heintz  &  Company,  Herstal-leg-Llege, 

Belgium. 

THE  ENGINEER  COMPANY 

practical  demonstration  of  a  "Balanced"  Furnac 

e]              Hudson  Terminal  Bldg. 

New  York,  N.  Y. 

STOP,  LOOK  AND  LISTEN! 

Why  are  we  busy  and  our  competitors  dull  ? 

The  explanation  is  found  in  our  Hig-h  Speed 
Heavy  Duty  Corliss  Engines  and  "Franklin" 
(patent)  Horizontal  Gravity  Latch-Re- 
leasing Valve  Gear;  marvelous  steam 
economies  and  close  reg"ulation  guaranteed. 
Rotative  speeds  150  to  200  revolutions  per 
minute.  The  maximum  of  power  secured  at 
a  minimum  of  cost — send  for  catalogue  and 
be  convinced. 

HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 
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Hamilton  Corliss   Gravity  Valve    Gear 


is  the  best  on  the  market  because:  it  is  compact  and  simple  and  has  few  worliing  parts — will  operate 
noiselessly  and  positively  at  speeds  up  to  175  R.P.M. — is  actually  a  gravity  gear,  the  latch  dropy- 
ping  into  contact  without  the  necessity  of  springs — the  latch  and  cam  levers  are  steel  forgings, 
absolutelv  safe  against  breakage. 

SEXD  FOR  BULLETIN  "F" 

The  Hooven,  Owens,  Rentschler  Co.,  Hamilton,  Ohio 


STEAM  r 


GAS 


BUCKEYE  GAS  ENGINES 

Owing  to  the  governing  system  the  regulation  equals  that  of  any 
modern  steam  engine,  insuring  successful  parallel  operation. 
The  mixing  apparatus  is  a  combination  of  quantity  and  quality 
control,  the  double  ignition  system  is  simple  and  easily  adjusted, 
the  water  cooling  system  is  the  most  efficient  devised.  Built  in 
horse  powers  from  50  up,  for  Natural,  illuminating  or  producer  gas. 
Send  for  catalog. 


BUCKEYE  ENGINE  COMPANY 


SALEM,   OHIO 


GAS 


I  STEAM 


19 


LUNKENHEIMER  "  RENEWO  "  VALVES 

Let  the  purchase  of  your  valves  be  governed  by 
"QUALITY";  carefully  consider  durability  and  prac- 
ticability; compare  the  "  Renewo"  with  other  makes 
of  valves,  and  we  feel  satisfied  as  to  your  choice. 

Lunkenheimer  "Renewo"  Valves  are  durable,  not 
only  because  every  part  can  be  renewed,  which  includes 
the  seat  and  disc,  but  also  owing  to  the  scientific  con- 
struction of  the  seat  and  disc,  which  minimizes  the 
wear  on  the  seating  faces  and  keeps  them  clean.  The 
seating  faces  are  regrindable,  without  removing  the 
valves  from  their  connecting  pipes. 

The  material  used  is  of  the  very  highest  grade,  the 
bronze  containing  a  large  percentage  of  copper  and  tin. 
The  seat  and  disc  are  made  oi  a  most  durable  nickel  alloy. 

The  valves  are  made  in  Medium  and  Extra  Heavy 
Patterns,  guaranteed  for  working  pressures  up  to  200  and  300  pounds  per  square 
inch  respectively,  and  in  sizes  ranging  from  J  to  3  inches  inclusive. 
Your  local  dealer  can  furnish  them;  if  not,  write  us. 

Write  for  1912  catalogue. 

THE   LUNKENHEIMER  COMPANY 

Largest   Manufacturers  of  High  Grade  Engineering  Specialties  in  the  World 

General  Offices  and  Works:    CINCINNATI,  OHIO,  U.  S.  A. 


New  York, 
1      64-68  Fulton  St. 


Boston, 
138  High  St. 


Chicago, 
186  N.  Dearborn  St. 


London,  S.  E., 
33  Great  Dover  St. 


SELECT  THE  TYPE  OF  PRIME 
MOVER  BEST  SUITED  TO  YOUR 
REQUIREMENTS- 

Steam  Engfine,  Gas  Engine,  Hydraulic 
Turbine,  Steam  Turbine — all  are  built 
by  Allis- Chalmers  Company,  togfether 
with  complete  electrical  equipments. 

Undivided  responsibility  insures  satis- 
factory operation. 

Allis  —  CKaliYiers    Cottipatvy 

Milwaukee,  Wisconsin 
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Ridg'way  Units 

THe  Units  of  Unlimited   Possibilities 


Their  design  show^  careful  consideration  of  the  features  essential  to 
successful  operation  —  low  steam  consumption,  high  electrical  efficiency, 
reliability,  and  low  maintenance  expense. 

R.idi^'way   Dy^namo    (Si   E^ng'ine  Co. 

Ridg'>va>-,  Pa. 


Nash  Gas  Engines 


For  electric  lighting,  pun.ping,  storage  batteries,  and  all  power  requirements. 
Sizes  6  to  425  H.  P.  25  years'  leadership.  Operate  on  gas,  gasoline, 
producer  gas,  etc. 

NATIONAL  METER  COMPANY 

E.t.bifah.d   84  CHAMBERS  STREET,  NEW  YORK  "'••'^^^f^'^y 

Chicago        Boston       Pittsburgh      San  Francisco       Cincinnati        Los  Angeles 
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WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works.   1028  E.  Water  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouse,  45  Beekman  St..  NEW  YORK  CITY. 
Agencies,  666  Western  Union  Bldg.,  Chicago,  111. 

600  Bessemer  Bldg.,  Pittsburg,  Pa. 

262  Market  St.,  San  Francisco,  Cal. 


Massachusetts    Standard   Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,   Mass. 


^js^^L-^sJlx 


SCOTCH  BOILERS 

DRY   AND   WATER   BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 


«  KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

**-^-^  OSWEGO,  N.  Y. 


We  will   pay  $0.25  a  copy  for  each  of  the  fol- 
lowing numbers  of  The  Journal: 

AUGUST1911;  OCTOBER  1911;  JANUARY1912;  MARCH  1912 

The  American  Society  of  Meclianical  Engineers 

29   W.    39th   St.,    New  York 
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WATER  TUBE,  INTERNAL  FURNACE  AND    RETURN  TUBULAR 

BOILERS 


ALL  WROUGHT  STEEL  CONSTRUCTION 


E.KEELER    COMPANY 

EstabUshed  1864  WILLIAMSPORT,  PA. 

New  York       Boston       Philadelphia      Pittsburgh      Chicago       San  Francisco 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON.  OHIO     BAYONNE,  N.  J. 


BOSTON,  35  Federal  SL 
PrrrSBURCH,  Farmers  Deposit  Bank  BIdg 
SALT  LAKE  OTY,  313  Atlas  Block 
CLEVELAND,  New  England  Bldg. 
LOS  ANGELES.  American  Bank  Bldg. 


BRANCH   OFFICES 
PHILADELPHIA,  North  American  BliJg. 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO,  Marquette  Bldg.    ' 
PORTLAND,  ORE.,  Wells-Fargo  Bldg. 
SE.^TTLE,  Mutual  Life  Bldg. 


SAN  FRANCISCO.  99  First  Stieal 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  116J  CaUe  de  U 
CINCINNATI,  Traction  Bldg 


MORE  THAN  25,000 


TRADE  MARK 


BRISTOL'S 

R  EG.  U.  S.  PAT.   OFFICE. 

RECORDING  PRESSURE  GAUGES 

have  been  sold.  See  partial  list  of  users  in  Catalog 
No.  1000.  Bristol's  Recording  Gauges  are  regularly- 
furnished  for  use  with  hundreds  of  different  charts 
and  will  be  .submitted  on  30  days'  trial. 

Write  for  new  64-page  Catalog  No.  1000  listing  the 
most  complete  line  of  Recording  Gauges  in  the  world. 

THE  BRISTOL  CO.,  Waterbury,  Conn. 


Jenkins   Bros.  Valves 

are  the  original  and  only  genuine  "Jenkins"  valves.  They 
are  the  easiest  to  keep  tight.  They  are  strong,  well 
designed,  carefully  constructed  and  nicely  finished.  Don't 
take  an  imitation  "Jenkins" — insist  on  having  the  kind 
which  bear  the  trade  mark  as  shown  in  the  cut. 

We  shall  be  glad  to  send  catalog  on  request. 

Jenkins    Bros. 


New  York 


Boston 


Philadelphia 


Chicago 
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THE  A.  &  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS.     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKSi    ELIZABETHPORT 
NEW  JERSEY 


Gears  of  all  kinds 
and  sizes 

SALES    ROOM;   172    FULTON   ST., 
NEW  YORK  CITY 


THE 


HJREEDY 

CINCINNATI,  O. 

ELEVATORS 

EVERY  TYPE 


COMPANY 

INC. 


Power  Transmission  Appliances 


FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.     Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


\yRITE    for  a  copy  of  our 
booklet    entitled    **The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American    Ball  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,         BOUND  BROOK  N.  J. 
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ALLIANCE  CRANES  AHTypes 

Also  Rolling 
Mill  and 
H  y  d  ra  u  1  i  c 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Sr.ale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO. 


ALLIANCE,  OHIO 


Pittsburg  Office,  Frlck  Building 


Birmingham  Office,  Woodward  Building 


COMPLETE      FOUNDRY      EQUIPMENT 

For  Grey  Iron,  Brass,  Car  Wheel,  Pipe,  Steel  &  Malleable 
Casting  Plants.     Buildings  designed  and   furnished. 
Equipment   installed.     Initial    operation    con- 
ducted by  our  experts  at  moderate  charge. 
All  types  of  C  R  A  N  E  S    for  every  service 


Practical  designs 
Reliable  construction 


[iVi!lkdi:iHil 


FDUNDRYEQUIPMENTCD 

HARVEY- ILL.  U.S.  A. 


Catalogs  and  full  in- 
formation on  request 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820  Elevator,  C.   R.   Pratt $0.50 

940  Elevator  Safeties,  C.  R.  Pratt 10 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161  A  High-Speed  Elevator,  C.  R.  Pratt 40 

1300  Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 
Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


CLYDE  Hoisting  Engines 

have  steel  gears  and  ratchets.   Shafting  is 
extra  heavy  with  long  bearings .    Connect  - 
ing  rods  have  solid   ends.     Boilers 
have  large  heating  surface. 

arge  stocks  on  hand— Ask  for  catalogue. 

^  CLYDE  IRON  WORKS,   duluth,  minn. 

CHICAGO,  ILL.  NEW  YORK  SAVANNAH 

318-19  Fisher  Bldg.        NEW  ORLEANS        HOUSTON 
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INDIVIDUAL  SANITARY  WASH  BOWLS 

Arranged  in  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
01  o sing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUPACTURINQ     EQUIPMENT  &   ENGINEERING    COMPANY,     BOSTON,    MASS. 


This  type  of  our 
STANDARD  ROLLER 

THRUST  BEARING 
operating     successfully 


IS 


under  a  load  of  2,250,000 
pounds  at  100  R.P.M.  Also 
extensively  used  in  hydro- 
electric plants. 

Send  for  literature. 


Standard  Roller  Bearing  Company,  Philadelphia 


TRADE   MARK 


CARPENTER 
TAPS 


aiBWAAai 


REGISTERED 

represent  the  best  that  experience  and  up-to-date 
equipment  can  produce.     42  years  on  the  market. 

Wh\-  not  use  tJiem  ? 

THE  J.  M.  CARPENTER  TAP  &  DIE  CO.,   Pawtucket,  R.  I. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 

85-87-89  LIBERTY  STREET  NEW  YORK 
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Simplex  not  Duplex 
"To  be  simple 
Is  to  be  great" 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 


Compound  Packed  Plunger  Pump. 


Our  No.  18  Catalogue  goes  into  detail*. 


American  Steam  Pump  Company, 


Battle  Creek,  MIcb. 
U.  S.  A. 


For  the  Convenience  of  Engineers 

and  others  who  have   to   figure  pumping  equipments,    we  have  collected    all   the 
practical  information,  tables,  etc.,  required. 

This  has  been  published  in  the  form  of   a  bulletin  which  will  be  gladly  sent 
on  request. 

Ask  for  Bulletin  112 

TIM  IE     @@QJlaLO)^     Mr'§o(g©o 


78  "W.  FALL  STREET 


SENECA  FALLS,  N.  Y  ^ 


Branches  in  All  Important  Cities 


CENTRIFUGAL 

mmK^^^^B^'      •'"' 

PUMPING  MACHINERY 

|Hb 

Of  all  Descriptions 

■'      iliM   Ji^S' 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69 N.Jefferson 

Street,  Chicago,  III. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 

'  jp^iiiHiBwri ' 

Twenty  years  ago  we  be- 
gan to  manufacture  the 
VENTURI    METER    and  venturi  m.ter  tube 

have  been  constantly  improving  it   ever    since. 

Bulletin  No.  56  relatea  to  Venturi  Mtter  Histouj 

Bulletin  No.  68  describes  Venturi  Hot  Water  Meters 

BuUetin  No.  75  (just  issued)  de.scribes  Venturi  Cold  Water  Meters 


BUILDERS  IRON  FOUNDRY 


Providence,  R.  I. 


One  of  the  many  fine 
buildings  in  the  country 
being  supplied  with 
pure  water  from  an 
installation  of 

Roberts 

Improved 

Filters 

is  that  of  the  United 
Engineering  Socie- 
ties   here    illustrated 


ENGINEERING  SOCIETIES  BLDG. 

NEW  YORK  CITY 


The  standard  followed  in  the  design  of  the 

Roberts  Filter 


IS 


Simplicity      Efficiency      Durability 
Reasonable  Cost 

We    are    designers    and    builders   of   Water 

Filters    of   both    the    Pressure    and    Gravity 

types  of  any  capacity 

ROBERTS  FILTER  MFG.  CO.  Inc. 

DARBY,  PHILA.,  PA. 

Your  inquiries  Licensed  under 

are  solicited  negative  head  patents 
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MACHINE    SHOP    EQUIPMENT 


MACHINE    SHOP   EQUIPMENT 


THE  ALLEN  MFG.  CO.  Inc. 

HARTFORD,  CONN. 

AlltMi  riitcnt  Safety  Set  Screws.  Made  from  high-test  steel  bars  and 
warranted  fully  as  strong  as  the  best  projecting  screw  made,  besides  elimi- 
nating danger  on  rotating  shafts.     Ask  yom-  dealer  for  them. 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 
Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.    Our  goods  are  not  surpassed  by 
any  in  the  world. 


SAFETY 
SET  SCREW 


TAPS 
AND 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grindiilg  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


THE  J.  M.  CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 
Carpenter's   Tools  for  cutting  Screw  Threads,   Taps,    Dies,   Screw 
Plates,  Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the 
market  and  38  j-ears  in  the  lead. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  srnoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  oO^c.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  DrillDLathes,  Speed  Lathes,  Cutter 
Grinders,  .•V.utomatic  Chucks,  etc. 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 


Manufacturers  of   Grinding  Machines. 
Grinders,  Surface  Grinders,  Drill  Grinders. 


Internal  Grinders,   Cylinder 


CARBORUNDUM 
PRODUCTS 


TAPS 

AND 
DIES 


GEAR 
SHARERS 


MILLING 
MACHINES 


GRINDING 
MACHINES 
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MACHINE   SHOP   EQUIPMENT 


AIR 

COMPRESSORS 

AIR  TOOLS 

AND   HOISTS 


TURRET 
LATHES 


HEAVY  DUTY 

BORING 

MILLS 


LATHES 

MILLING 

MACHINES 


MACHINE 
TOOLS 

ENGINEERING 
SPECIALTIES 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  tjTses,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and.Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacitj-  i  to  5  tons. 


JONES  &  la:\ison  machine  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 


Vertical  Turret  Machines,  2S"  and  .34". 
Machines,  42"  to  84",  inclusive. 


Vertical  Boring  and  Turning 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  Ijathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  United  States. 


METAL  SHOP 

AND 

FACTORY 

EQUIPMENT 


PINIONS 

AND 

GEARS 


PRECISION 
BENCH 
LATHES 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 

BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  |"  rod  through  the  chuck  and  the  workmaTtship 
is  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool  room.  Cata- 
log for  those  interested.    Also  makers  of  Automatic  Precision  Bench  Machinery. 


30 


MACHINE   SHOP   EQUIPMENT 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

URANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  lint  of  high-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  fully,  will 
be  mailed  on  request. 


WELLS  ]Ul()THERS  (  O.MPANY 

GREENFIELD,  MASS. 

We  make  and  yell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  ]\Lichinerv. 


TURRET 
LATHES 


TAPS  AND 
DIES 


STEAM   ENGINES  AND   BOILERS 


ALMY^  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats;  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE 

CO. 

42    R.\RITAX 

Ave. 

BOUND  BROOK, 

N.  J. 

Builders 
pound,  80  to 
cylinder  trip 

of   American   Ball 
lOOOh.  p.;  double 
e,  120  to  1,600  h  p 

Angle 
angle 

Com{>ound 
compound, 

Engines.     Angle 
160  to  2,000  h.  p. 

com- 
;  four 

THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.   Buckeye  Four-Stroke  Cycle  Gas  Engine,  .single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


WATER  TUBE 
BOILERS 


ENGINES 


WATER  TUBE 
BOILERS 


STEAM 
ENGINES 


ENGINES 
STEAMandGAS 
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STEAM   ENGINES  AND   BOILERS 


STEfiM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


STEAM 
ENGINES 


STEAM 
ENGINES 


ENGINES 

PUMPS 

COMPRESSORS 

CASTINGS 


BOILERS 


BOILERS 


COMPLETE 

POWER   PLANT 

EQUIPMENT 


STEAM 
ENGINES 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 

HARRISBURG,  PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 

Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder  Frame,  Simple  or  Compound,  having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  High  Duty  Pumping  Engines,  Power  Pumps  and  Com- 
pressors, Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 
Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW^  YORK 
Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


MESTA  MACHINE  CO. 

PITTSBURGH,  PA. 

Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice  &  Sargent  Corliss  Engines,  Improved  Greene  Engines  and  Repair 
Parts,  Special  Machinery. 
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STEAM    ENGINES    AND    BOILERS 


RIDGWAY  DYNAMO  &  ENGINE  CO. 

KIDGWAY,  PA. 
Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.     Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 

131  State  St..  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE  VILTER  MFG.  CO. 

1070-1088  Clinton  St.  MILWAUKEE,  WIS. 

Established  1867 

Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct- 
Connected  Service,  medium  or  high  speed.     Ice  and  Refrigeration  Machines. 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 
Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


ENGINES 
GENERATORS 


BOILERS 


ENGINES 

REFRIGERATING 
MACHINERY 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


OIL  AND  GAS  ENGINES  AND  GAS  PRODUCERS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


gas  or 


ATLAS  ENGINE  WORKS 

INDIANAPOLIS,  IND. 
Manufacturers  of  Diesel  Type  of  Crude-Oil  Engines.     Built  in  2  and 
3  cylinder  units  300  and  450  B.  H.  P.  and  multiples  thereof. 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  .360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


GAS 
ENGINES 


CRUDE-OIL 
ENGINES 


REFRIQERATINO 

and 

ICE   MAKING 

MACHINERY 

OIL  AND  GAS 

ENGINES 


GAS    ENGINES    AND    GAS    PRODUCERS 


OIL 
ENGINES 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


GAS    ENGINES 

AND 

PRODUCERS 


GAS 
PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

r  Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 
Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.    Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  plants.    Tar  Extractors  and  Gas  Cleaning  Plants. 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


VALVES 

SLIDE  and 

PISTON 

DISTRIBUTION 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 
We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


VALVES 

GAUGES 

INDICATORS 


AMERICAN   STEAM    GAUGE   AND   VALVE  MFG.  CO. 
BOSTON,  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.    The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


VALVES 
GAGES 


OIL  ANDTAR 
BURNERS 

FURNACES 


BOSTON 


THE  ASHTON  VALVE 

NEW  YORK 


CO. 


CHICAGO 


IMakers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
OflF  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 


NEW  YORK  CITY 


W.  N.  BEST 

11  Broadway 

Apparatus  for  and  technical  information  relative  to  all  forms  of  liquid 
fuel  equipment. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Rocording  Pressure  and  Vacuum  Gauges.  Bristol's  Reeordinp;  Thermometers. 
The  Wm.  H.  Bristol  Elortrio  I'xrometors.  Bristol's  RcoordinK  Voltmeters,  Ammeters 
and  WattmeU'ra.  Bristol's  Recording  Water  Level  Gauge-s.  Bristol's  Time  Recorders 
and  Bristol's  Patent  Steel  Belt  Lacing. 


RECORDING 

GAUGES 

and 

INSTRUMENTS 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.   LOCI3       PITTSBURGH        CHICAGO       PHILADELPHIA       BAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments;  Chime  Whistler;  Sight  Feed  Lubricators; 
Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage  Testing 
Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


THOS.  H.  DALLETT  CO. 


York  and  23rd  Sts. 


PHILADELPHIA,  PA. 


Manufacturers  of  a  complete  line  of  Air  Compressors,  suitable  for  high-class  instal- 
lations. Equipped  with  special  "Silent"  inlet  and  discharge  ralves.  Also  Pneumatic 
Boiler  Scalers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.     Send  for  literature. 


AIR 
COMPRESSORS 

PNEUMATIC 

BOILER 

SCALERS 


THE    ENGINEER  COMPANY 

50  Church  St.  NEW  YORK,  N.  Y. 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  -operating  with  the  Balanced  Draft  System. 

(Trade  Mark  "Balanced"  Reg.  U.  S.  Pat.  Office.) 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pumps  made   in   any   number   of  Feeds   or 
Compartments. 


LUBRICATION 
PUMPS 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
RLGULATORS 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


AIR 

COMPRESSORS 

AIR  TOOLS 
AND   HOISTS 


VALVES 

PACKING 

DISCS 


MAGNESIA 
ASBESTOS 

and 
BRINE   PIPE 
COVERINGS 


VALVES 


VALVES 

BLOW-OFF 

VALVES 

FIRE  HYDRANTS 


VALVES 

INJECTORS 

LUBRICATORS 

ETC. 


VALVES 


STEAM 
TRAPS 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J-a  to  5  tons. 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkin.s  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.    Catalog  mailed  on  request. 


KEASBEY 


CO. 

NEW  YORK  CITY 


ROBERT  A 

100  N.  Moore  St. 

Telephone:    6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hy- 
drants; Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves  for   all  purposes. 
Special  Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.    Fire  Hydrants. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


MONARCH  VALVE  &  MANUFACTURING  CO. 

39  CoRTLANDT  St.,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting 
Steam  Trap  is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 
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POWER    PLAJMT   AUXILIARIES    AND   SPECIALTIES 


THE  MURPHY  IKON  WORKS 

DETROIT,  MICH. 

Founded  1878  Inc.  1904 

Biiildera  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirt}'  years  practical  experience  can  produce. 


AUTOMATIC 
FURNACE 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  \'alves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature;  also 
Blow-off  Valves.    Catalogues  and  information  on  request. 


VALVES 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 
Governors  for  Steam  Engines,  Turbines,  Gas  Engines.     Mechanical 
Control  Power  Regulation. 

See  Page  111  of  Condensed  Catalogues  of  Mechanical  Equipment. 


GOVERNORS 


PO^YER  PLANT  SPECIALTY 

625  MoNADNOCK  Blk., 


COYIPANY 

CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.     Correspondence  solicited. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER 

SPECIALTY^ 

CO. 

111 

Broadway 

NEW 

YORK 

The  Foster  Patent  Superheater, 
coal  and  boiler  power. 

saves  feed  water. 

condensing 

water. 

WM.  B.  SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 
Systems  for  boiler  feed  water  and  all  industrial  and  domestic  purposes. 


SCHUTTE  &  KOERTING  CO. 

11-29-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Sj-phons,  Eductors,  Furnace  Blowers,  Exhaasters,  Pump  Primer.s,  Con- 
densers, Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  Check,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,  Feed  Water  Heaters,  etc. 


SHERWOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years'  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  high  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil  Pump 
for  Steam  Engines;  Buffalo  Force  Feed  Multiple  Oil  Pumpa  for  Gas  and  Gasoline  Engines; 
Oil  Cups,  etc.     Catalog  on  application. 
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SUPERHEATERS 


WATER 

SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


INJECTORS 
CONDENSERS 

VALVES 
ENGINE  STOPS 


INJECTORS 

AND 
OIL  PUMPS 


POWER     PLANT  AUXILIARIES  AND  SPECIAHTIES 


INSTRUMENTS 


LUBRICATING 
OILS 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


CONDENSERS 

COOLING 

TOWERS 

FEED-WATER 

HEATERS 


C.  J.  TAGLIABUE  MFG.  CO. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  OfiSces  in  Chicago  and  San  Francisco 
Manufacturers  of  Instrumenta  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.      Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Snts,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
See  our  Condensed  Catalogue  in  Auril  1911  number  of  The  Journal. 


C.  H.  WHEELER  MFG. 

PHILADELPHIA,  PA. 


CO. 


NEW    TORK 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 
Foundries  and  all  general  purposes.  All  classes  of  Petroleum  Products  of 
the  highest  quality. 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:  CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


SAN    FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed-Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PUMPS  AND  HYDRAULIC  TURBINES 


HYDRAULIC 
TURBINES 

PUMPING 
MACHINERY 


PUMPING 
MACHINERY 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.    High  Duty  Pumping  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
Stage;  Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,  Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


PUMPS 
CONDENSERS 


M.  T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  L54  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.    Surface  and  Jet  Con- 
densers. 
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PUMPS  AND  HYDRAULIC  TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufiictiirers  of  Kfficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumpa  and  hand  pumps 
of  every  Kind. 


HOLYOKE 

HOLYOKE,  MASS. 


MACHINE  COMPANY 

WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  J.Iill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufactiu-ers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


PUMPS 
HYDRAULIC 
MACHINERY 


WATER 

WHEELS 

WOOD  PULP 

AND 

PAPER 
MACHINERY* 


TURBINES 
PAPER    MILL 
MACHINERY 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 


POWER  TRANSMISSION 


THE  AMERICAN  PULLEY  CO. 

PHILADELPmA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip:  light,  true 
and  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY  CO. 


ONEIDA,  N.  Y. 


CHICAGO,  ILL. 


The  largest  manufacturers  of  PuUevs  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  3  to  40  face,  and  fit  any  size  shaft  from  1 
to  8^".     Let  us  send  you  our  booklet  illustrating  all  styles. 


THE 

A. 

& 

F. 

BROWN 

CO 

172  Fuhon 

St. 

NEW  YORK 

Manufacturers  of  Shafting, 

Pulleys, 

Hangers, 

etc.. 

for  Transmission 

of  Power. 

PULLEYS 


PULLEYS 


SHAFTING 
PULLEYS 
HANGERS. 
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FRICTION 
CLUTCHES 


POWER    TRANSMISSION 


thp:  carlyle  johnson  machine  co. 

IMANX'HESTER,  CONN. 

Send  for  our  Catalog,  and  Clutch  Booklet  entitled  "  Clutches  for  Use 
in  Machine  Building."  The  information  set  forth  therein  will  be  of  interest 
to  any  Builder  or  Designer  of  Machinery. 


POWER 

TRANSMISSION 

ELEVATORS 
CONVEYORS 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Manufacturers   of  everything  for  the   Mechanical  Transmission  of 
Power;   also  Elevating  and   Conveying   Machinery,   and   the    "Eureka" 
Water  Softener,    Send  for  general  catalog  C-10. 


POWER 

TRANSMISSION 

APPLIANCES 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


STEEL 

BELT 

LACING 


FLEXIBLE  STEEL  LACING  CO. 

542  W.  Jackson  Boulevard  CHICAGO,  ILL. 

Alligator  Steel  Belt  Lacing.  Adapted  for  use  on  leather,  rubber,  balata, 
cotton  or  canvas-stitched  belting  of  any  w^idth  or  thickness.  A  perfect  flex- 
ible joint  and  separable  hinge  joint  that  works  satisfactorily  with  an  idler. 


POWER 

TRANSMISSION 


PULLEYS— PAPER 

FRICTION 
TRANSMISSION 


POWER 

TRANSMISSION 


PAPERS 

ON 

POWER 

TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved  Appliances  for  the  transmission  of  Power. 
Shafting,  Couphngs,  Collars,  Hangers,  Pulleys,  Beit  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  585.  Power  Losses  in  Transmission  Machinery  of  Central  Stations : 
Aldrk'h,  price  .$.20;  No.  808.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  .f.lO;  No,  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.30;  No.  1:.^30.     Paper  on  Belting:     C.  G.  Barth,  price  $.50. 
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HOISTING    AND   CONVEYING    MACHINERY 


HOISTING   AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


CRANES 

STEAM 
HAMMERS 
PUNCHES 

AND 
SHEARS 


HOISTING 
MACHINERY 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


HOISTING 
ENGINES 

AND 
DERRICKS 


ELEVATORS 
FRICTION 

CLUTCHES 
PULLEYS 


CONVEYOR 
BELTS 


ELEVATING 
CONVEYING 

MINING 
MACHINliRY 
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HOrSTING  AIVD  CO!VVEYING  JVIACHflMERY 


HOISTING 
ENGINES 

CABLEWAYS 
MARINE 

TRANSFERS 


ELEVATORS 

AND 
CONVEYORS 


Elevating 

AND 

conveying 
machinery 


CRANES 


ELEVATORS 


ROBINS 

BELT 

CONVEYORS 


WIRE  ROPE 


CRANES 


CONTROLLERS 


LIDGERWOOD  MFG.  CO. 


96  Liberty  St. 


NEW  YORK 


Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  ware- 
houseman, railroads,  shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cable- 
ways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power 
Transmission  Machinery'. 


MEAD-MORRISON  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants  Cable  Railways,  Marine  Elevators,  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cableways. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.    We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


THE  H.  J.  REEDY  CO. 

CINCINNATI,  O. 

Manufacturers  of  all  types  of  Passenger  and  Freight  Elevators. 


ROBINS  CONVEYING  BELT  COMPANY 

Thomas  Robins,  Pres.  C.  Kemble  BALDWiN,ChiefEngr.,13Park  Row^,  N.Y. 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coaland 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


JOHN  A. 

ROEBLING'S 

SONS 

COMPANY 

TRENTON, 

N.  J. 

Manufacturers 

of  Iron,  Steel  and 

Copper  W 

ire  Rope. 

and  Wire 

of 

every  description. 

SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.    Wharf  Cranes.    Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 
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HOISTING  AND  CONVEYING    MACHINERY 


THE  TOLEDO  BRlDCiE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capa- 
city; Structural  Steel  for  Factory  Buildings. 


CRANES 
HOISTS 


THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN.  OHIO  Eastern  Branch:  .SS-90  H.'udc  St.,  NEW  YORK 

Manufacturers  of  Elevating,  Conveying  and  Power  TranMiiittins;  Machinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  extcn.sivc  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  A.sh  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Gearing. 


ELEVATING 

CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


THE  YALE  &  TOWNE  MFG.  CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.    The  Triplex  Block 


is  made  in  14  sizes,  with  a  lifting  capacity  of  from 
Hoist  in  10  sizes,  \  to  16  tons. 


to  20  tons;  Electric 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


ELECTRICAL  APPARATUS 


ALLIS-CHALMERS  COMPANY 

MILWAUIlEE,  WISCONSIN 
Builders  of  Electrical  Machinery  of  every  description;    Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


MOTORS 

AND 

GENERATORS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


ELECTRIC 
DRIVE 


WAGNER  ELECTRIC  MFG.  COMPANY 

SAINT  LOUIS,  MO. 

Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  line 
of  switchboard  and  portable  instruments  offered  to-day. 


DYNAMOS 
MOTORS 

TRANSFORMERS 
INSTRUMENTS 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

PITTSBURG,  PA. 

Westinghouse  Electric  Motor  Drive.  Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


ELECTRIC 

MOTOR 

DRIVE 


AIR   COMPRESSORS   AND   PNEUMATIC  TOOLS 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 

COMPRESSORS 

PNEUMATIC 

TOOLS 


AIR 
COMPRESSORS 

TOOLS 

HOISTS  AND 

SAND 

RAMMERS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 

Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


FOUNDRY    EQUIPMENT 


SAND 

RAMMERS 

AIR  TOOLS 

AND  HOISTS 

COMPRESSORS 


FOUNDRY 

MOLDING 

MACHINE 

EQUIPMENT 


FOUNDRY 
EQUIPMENT 


FOUNDRY 

PLANT 

EQUIPMENT 


INGERSOLL-RAND  COMPANY 

11  Bhoadway  new  YORK 

'  'Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 


30  Church  St.,  New  York 

Plain  Power  Squeezing   Machines 
Jolt  Ramming  Machines 


2014  Fisher  Bldg.,  Chicago,  111. 

Split  Pattern  Vibrator  Machines 
Pneumatic  Vibrators 


J.  W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cu- 
polas, Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturers,  Engineers  and  Designers  of  complete  equipment  for  grey  iron,  brass, 
car  wheel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds  for  every 
service.     Buildings  designed  and  furnished;  equipment  installed  and  operated. 
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BLOWERS,    FANS,    DRYERS,   ETC. 


BLOWERS,  FANS,  DRYERS,  ETC. 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum 
cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust  air  under  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


ROLLING    MILL    MACHINERY 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 
Engines,  single  and  compound,  corliss  reversing  and  blowing.     Roll- 
ing Mill  and  Hydraulic  Machinery  of  all  kinds.     Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydrauhc  Forging  Presses, 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacitv. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  \V.  Gordon,  price  $.20;  No.  894.  Test  of  an  Hydraulic  Air  Compressor:  W.  O. 
Webber,  price  $.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.H.Bunnell,  price  $.10;  No.  1131.  A  High  Duty  Air  Compressor:  O.P.Hood, 
price  $.30. 


ENGINES 

ROLLING    MILL 

MACHINERY 


STEAM 

HYDRAULIC 

FORGING 

PRESSES 


PAPERS 

ON 

AIR 

COMPRESSORS 
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ENGINEERING    MISCELLANY 


ENGINEERING  MISCELLANY 


ALUMINUM 


BALL 
BEARINGS 


CASTINGS 
MACHINE 

WORK 
GRINDING 

MACHINES 


WATER 
FILTERS 


BALL 
AND 

ROLLER 
BEARINGS 


BRIGHT  COLD 

FINISHED 

8TEEL  BARS 


PAPERS 

ON 

ELECTRICAL 

APPARATUS 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 

Aluminum  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 


AUBURN  BALL  BEARINCx  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings, 
Auburn  Steel,  Brass  and  Bronze  Balls,  Solid  and  Hollow. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Size,  Weight  and  Strength.    Large  and  Accurate 
Machine  Work.     Grinding  and  Polishing  Machines. 


ROBERTS    FILTER    MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


STANDARD  ROLLER  BEARINCx  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  BaU  and  Roller  Bearings  for  all 
purposes.     Steel,  Bronze  and  Brass  Balls. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  $.20;  No.  485.  The 
Electric  Railway  as  applied  to  Steam  Roads:  B.  J.  Dashiell,  Jr.,  price  $.10;  No.  845. 
The  Mechanical  Equipment  of  the  New  South  Station:  W  C.  Kerr,  price  $1.00;  No. 
1043.    Middlesboroug-h  Dock  Electric  and  Hydraulic  Power  Plant:  V.  L.  Raven,  price  $.30. 
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An  Engineering  Library 

Fifty  Thousand  Volumes 

Four  Hundred  and  Fifty 
Technical  Journals 


One  of  the  largest  collections  of  Engineering 
literature  in  the  world  is  THE  ENGINEER- 
ING LIBRARY  in  the  Engineering  Societies 
Building,  29  West  39th  Street,  New  York. 

It  comprises  50,000  volumes,  including  many 
rare  and  valuable  reference  works  not  readily 
accessible  elsewhere.  There  are  450  current 
technical  journals  and  magazines.  All  the 
foreign  and  domestic  technical  periodicals  are 
received,  as  well  as  the  proceedings  of  the 
various  engineering  societies  of  the  world. 

The  library  is  open  from  9  a.m.  to  9  p.m., 
with  trained  librarians  in  constant  attendance. 
Its  resources  are  at  the  service  of  the  engineer- 
ing and  scientific  public. 


ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL   OF   APPLIED   SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean, 

UNIVERSITY  HEIGHTS,  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.   G.   C.   Anthony,   Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE 
BROOKLYN 


OF 


Course  in  Mechanical  Engineering, 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers^Constructors 
Electrical — ^Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 


BERT  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON,  MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests    of    Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW   YORK    CITY. 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  Devonshire  Street,         BOSTON,  MASS. 


J.  WM.  PETERSON 

Lubrication  Engineer 

Specialty:   Plans,    Specifications   and   Superin- 
tendence of  Power  Plant  Oiling  Systems 
and   General   Machinery   Lubrication 

50  Church  Street  NEW  YORK  CITY 


SPECIAL  RATES 


Will  be  quoted  on  request  for 
Professional  Cards. 
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CONDENSED 
CATALOGUES 

OF 

MECHANICAL 
EQUIPMENT 


SECTION  TWO 


Hoisting  and  Conveying 
Power  Transmission 


Other  sections  of  the  Condensed  Catalogues  to  be  pubhshed  in  subsequent 
issues  of  The  Journal  during  1912  will  include  Industrial  Railway  Equipment, 
Electrical  Equipment,  Metal  Working  Machinery,  Machine  Shop  and  Foundry 
Equipment,  Steel  and  Rolling  Mill  Equipment,  Pumping  Machinery,  Mining 
and  Metallurgical  Equipment,  Heating  and  Ventilating  Apparatus,  Refrig- 
erating Machinery,  Air  Compressors  and  Pneumatic  Tools,  Power  Plant 
Equipment,  Engineering  Miscellany. 

At  the  close  of  the  year  the  entire  collection  of  Condensed  Catalogues  will  be 
reprinted  in  vclume  form  and  distributed  to  members  without  charge. 


THE  AMERICAN  SOCIETY  of 
MECHANICAL    ENGINEERS 


Power  Transmitting  Machinery 


THE  A.  &  F.  BROWN  CO. 


ENGINEERS,  FOUNDERS,  MACHINISTS  AND  MILLWRIGHTS 

WORKS 
ELIZABETHPORT,   N.    J. 


17^2   FULTON  STREET, 
NEW  YORK  CITY 


MANUFACTURERS  OF  GEARS  OF  ALL  DESCRIPTIONS,  TURNED  STEEL 
SHAFTING,  PULLEYS,  SPLIT  PULLEYS,  FRICTION  CLUTCHES,  SPECIAL 
MACHINERY,    ETC. 


CUT  GEARS 

These  gears  are  cut  on  the  best 
up-to-date  automatic  machines 
obtainable,  enabling  this  depart- 
ment of  the  shops  to  turn  out 
accurately  cut  gears  of  every  de- 
scription and  size. 

MACHINE  MOULDED  GEARS 

The  Gear  Department  of  our 
foundry  is  fitted  up  with  the  most 
modern  gear  moulding  machines, 
enabling  us  to  furnish  machine 
moulded  gears  up  to  16  feet  diam- 
eter, and  25  tons  in  weight  if  in  one 
piece,  and  heavier  if  split,  or  built 
up.  These  gears  are  much  more 
accurate  than  ordinary  cast  gears 
and  are  of  the  toughest  mixture  of 


FRICTION   CLUTCHES 

The  F.  Brown  Friction  Clutch  is  simple,  compact 
and  having  few  small  parts  is  not  liable  to  get  out  of 
order;  engages  gradually  and  when  thrown  "in  gear" 
has  a  stronger  grip  than  any  other,  owing  to  the  large 
friction  surfaces  and  powerful  operating  device  which 
is  a  combination  of  double  ended  (or  right  and  left 
thread)  screw  and  toggle  joint. 

SIRENS 

These  fog  signals  are  used  by  the  United  States  Navy  and  Light -house 
Departments,  also  by  a  number  of  foreign  governments  and  many  steam- 
ships. They  are  also  in  use  as  fire  alarm  signals  in  small  towns  and  large 
manufacturing  plants. 


t-^. 


COGSWELL  MILL 


The  problem  of  grinding  or  pulverizing  many  materials  has  been 
successfully  solved  by  this  machine. 

SPECIAL  MACHINERY 

These  shops  are  particularly  well  equipped  for  building  special  machinery 
to  plans  and  specifications.  The  pattern  shop,  foundry  and  machine 
shops  are  strictly  up-to-date  in  all  particulars  and  equally  well  equippedto 
turn  out  work  of  the  heaviest  character  as  well  as  light  machinery  requiring 
first  class  material  and  workmanship  and  most  modern  tools. 


Established  1854. 


Incorporated  1898. 
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Pulleys 

DODGE  MANUFACTURING  COMPANY 

MISHAWAKA,  INDIANA 

Branch  Sales  Offices  afld  Warehouses 
Chicago  New  York  Philadelphia  Pittsburg  Cincinnati 

Boston  Brooklyn  St.  l.ouis  Minneapolis  Atlanta 

"STANDARD"  SPLIT  IRON  PULLEYS 


QUALITY 


SERVICE 


Standardized  and  Intei  changeable 

When  a  practical  mill  or  factcjry  iiuiii  buys  metal  pulleys  he  ntiturally  wants 
the  best  he  can  get — pulleys  that  will  hold  fast,  run  true,  stay  roiuid,  carry  the 
load  and  last  a  lifetime. 

He  wants  these  pulleys  in  a  hurry  too,  wants  them  split,  so  that  they  can  be 
mounted  without  taking  down  the  shafting  or  stripping  it  of  other  equipment. 

The  Dodge  "Standard"  split  iron  pulley  fills  these  requirements.  It  is  cast 
whole,  then  split  by  cracking  the  rim  at  parting  line  between  the  rim  lugs. 
When  clamped  on  the  shaft  the  fractured  edges  are  brought  tog!>ther  by  the  rim 
bolts  so  that  the  pulley  practically  becomes  a  solid  pulley. 

It  is  fastciKMl  to  the  shaft  by  compression  on  interchangeable  bushings  and 
this  fastening  is  anchored  by  two  set  screws. 

No  other  piece  of  machinery  is  subjected  to  the  constantly  shifting  strain  that 
a  pulley  i-eceive-i,  consequently  a  good  pulley  must  contain  uiusual  resisting 
(nullities.  In  metal  pulleys  this  is  be.4,  s(>ctu-ed  by  integral  construction  of  the 
halves.  Riveted  or  bolted  structures  of  flexible  materials  do  i  ot  contain  the 
mechanical  elements  thtit  insure  safe,  positive  driving  power  or  dm'ability  of 
parts. 

Designed  for  stock  purposes,  ;i  dealer  is  able  to  deliver  from  his  store  a  puUej' 
which  has  heretofore  only  been  supplied  at  great  expense  and  delay,  and  almost 
universally  of  a  design  far  from  satisfactory  to  the  customer. 
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Rope  Drives 

DODGE  MANUFACTURING  COMPANY 

MISHAWAKA,  INDIANA 

Braiipli  S;ile.s  Offices  and  Warehouses 
Chicago  New  York  Pliiladelphia  Pittsburg  Cincinnati 

Boston  Hn»)kl.\n  St.  Louis  .Minneapolis  Atlanta 

AMERICAN  SYSTEM  OF   ROPE  DRIVING 


A  1500  H.P.  Rope  Drive  Showing  Arrangement  and  Material— AH  Dodge 

Among  noteworthy  cuntributions  to  progret^s  in  the  engineering  world  it  is 
conceded  tliat  none  has  been  of  greater  importance  or  of  more  far-reaching  influ- 
ence than  the  American,  or  continuous  wind  system  of  rope  driving.  Originated 
and  patented  under  the  name  of  Dodge  in  1883,  the  improvement  over  the 
English  or  individual  rope  driving  system  was  so  marked  that  it  soon  developed 
into  a  most  valuable  mechanical  device,  and  is  so  recognized  today. 

For  vertical  driving,  main  engine  drives  and  drives  involving  distance  or 
angles,  this  system  ha.j  shown  its  efficiency  and  durability.  In  general  service 
it  is  positive  in  delivery  of  power,  low  in  first  cost,  noiseless  and  flexible,  and 
never  cumbersome.  Slippage  is  practically  eliminated  and  general  friction 
reduced  to  a  minimum. 

In  the  English  system  when  the  rope  travel  exceeds  5,000  r.p.m.  there  is  a 
marked  decrease  in  efficiency,  due  to  centrifugal  force;  in  the  American  system 
this  is  overcome  by  the  automatic  tension  device. 

Backed  by  twenty-five  years  of  active  practice  and  experience  as  engineering 
specialists,  we  are  in  a  position  to  secure  the  best  results,  and  realize  the  greatest 
success  in  the  solution  of  transmission  problems  and  in  the  design  and  manufac- 
ture and  installation  of  eciuiiiment  for  driving  purposes. 

Continued  on  following  pages 
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Water  Softener  and  Purifier 


DODGE  MANUFACTURING  COMPANY 

MISHAWAKA,  INDIANA 

Branch  Sales  OfSces  and  Warehouses 
Chicago  New  York  Philadelphia  Pittsburg  Cincinnati 

Boston  Brooklyn  St.  Louis  Minneapolis  Atlanta 

"EUREKA"  WATER   SOFTENER   AND  PURIFIER 


SAVES  FUEL 
SAVES  WORK 


SAVES  BOILERS 
SAVES  MONEY 


Machine  as  it  appears  in  use 

The  Dodge  Eureka  Water  Softener  and  Purifier  solves  the  most  difficult  prob- 
lems of  oc(jnomical  power  plant  operation  by  jjroviding  boilers  with  pure,  soft 
feed  water.     It  was  added  to  the  Dodge  line  only  after  a  thorough  test. 

The  machine  automatically  treats  and  ptn-ifies  the  water  before  it  enters  the 
boiler.  It  is  impossible  for  scale  to  fcjrni  under  this  process.  Boiler  tubes  are 
always  clean.  They  will  not  pit,  corrode  or  explode,  and  the  life  of  the  boiler 
is  greatly  prolonged. 

One  concern  using  the  Eureka  reported  a  saving  of  20  per  cent  and  another  10 
per  cent.  At  Mishawaka  the  apparatus  has  cut  down  fuel  bills  about  15  per 
cent,  and  in  addition  a  vast  amoimt  of  work,  wear  and  tear  on  boiler  room  equip- 
ment is  done  away  with.  The  saving,  of  course,  depends  largely  on  conditions; 
but  we  make  the  Emeka  ^i  conditions. 

The  machine  requires  only  about  one-half  hour's  attention  every  working  day, 
and  there  is  practically  little  cost  attached  to  operation,  after  first  installation. 

We  have  a  complete  laboratory  for  analyzing  feed  waters.  Send  us  a  sample 
of  the  water  you  are  using  for  investigation. 

To  supply  the  demand  for  literature  dealing  with  softening  and  purifying 
water,  we  have  issued  a  special  number  of  The  Dodge  Idea.     Send  for  it. 
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Friction   Clutches 


DODGE  MANUFACTURING  COMPANY 

MISHAWAKA,  INDIANA 


Chicago 
Boston 


Branch  Sales  Offices  and  Warehouses 
New  York  Phihidelpliia  PitUburt;  Cincinnati 

Brooklyn  St.  Louis  Minneapolis  Atlanta 

SPLIT  FRICTION  CLUTCHES 


Clutch  showing  mechanism  with  sleeve  for  pulley 


Sectional  Views  of  Dodge  Split  Friction  Clutch 

The  Dodge  Split  Friction  Clutch  is 
practically  adapted  for  high  speeds 
and  severe  duty.  Being  split  it  is 
applicable  to  shafting  without  dis- 
turbing balance  of  equipment,  thus 
facilitating  repairs  and  renewals. 

The  principal  feature  of  this 
clutch  is  its  wonderful  frictional 
power,  obtained  through  an  outside 
disc  into  which  are  driven  hard 
maple  blocks  presenting  end  grain, 
an  inside  driving  plate  which  is 
keyed  to  the  shaft,  and  an  outside 
driving  plate  attached  to  inside  driving  plate  and  levers.  By  movement  of 
levers  the  driving  plates  are  brought  in  contact  with  the  wooden  blocks,  thus 
transmitting  the  power  to  sheave  or  hub  if  it  be  a  coupling.  The  detach- 
able sleeve  allows  the  use  of  any  type  of  sheave,  pulley,  gear  or  sprocket,  the 
clutch  may  be  used  for  clutch  pulley,  cut-off  coupling  or  quill  outfit.  It  saves 
power,  reduces  danger  of  accident,  gives  individual  and  quick  control  and  con- 
forms to  all  the  new  factory  laws. 

We  also  make  a  solid  clutch  for  moderate  units  of  power  for  either  slow  or  high 
speed.  It  can  be  applied  to  stationary  or  portable  machine  tools  and  counter- 
shafts, pulleys,  gears,  etc. 

In  the  selection  of  a  clutch,  a  steady  load  is  the  only  basis  upon  which  the  proper 
rating  can  be  made. 

The  safest  way  is  to  get  quotations  on  your  requirements.  In  writing  for 
prices  state  power  to  be  transmitted,  speed  of  shaft,  diameter  of  shaft,  diameter 
and  face  of  pulley  and  space  available  on  shaft. 
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Friction   Clutches 


FALLS  CLUTCH  cV  MACHINERY  CO. 

C'UYAHOGA  FALLS,  OHIO 


NEW  YORK 
200-208  Fulton  Stn-ct 


BOSTON 
52-54  Purchase  Street 


CINCINNATI 

134  W.  Sefoiul  Street 


PULLEYS,  SHAFTING,  HANGERS,  PILLOW  BLOCKS,  COUPLINGS.  COLLARS, 
FRICTION  CLUTCH  PULLEYS,  FRICTION  CLUTCH  COUPLINGS,  AND  ALL  OTHER 
POWER   TRANSMITTING   MACHINERY. 


two  cap 
rebalil)it 

.sliaff . 


screws, 
(■(1  and 


FALLS    FRICTION    CLUTCH    COUPLINGS,    PUL- 
LEYS, GEARS  AND  ROPE  SHEAVES 

Gripping  shoes  being  wood  are  easily  replaced. 
Parts  interchangeable,  simplicity  of  adjustment,  made 
for  twenty  years,  thoroughly  tried  out.  Friction  clutch 
l)ullcys  with  interchangeable  babbitted  or  bronze  lined 
sleeves.    All  parts  accessible.     High  starting  torque. 

There  is  absolutely  no  contact  of  frictional  surfaces 
wlu^n  not  "in  clutch."  All  our  clutch  pulleys  are  fur- 
nished with  split  cast  sleeves  for  bearings,  which  are 
babbitted  with  the  best  quality  of  metal,  turned  on 
the  outside  to  fit  the  hub  of  the  pulley  and  bored  on 
the  inside  to  fit  the  shaft,  thus  making  a  very  complete 
l^earing.  The  sleeves  are  lield  in  position  by  means  of 
and  when  the  babbitt  is  worn  they  can  be  readily  taken  out, 
])lac('d  in  jiosition  again  without  removing  the  pulley  from  the 


FALLS  SYSTEM  OF  ROPE  TRANSMISSION 

Owing  to  the  flexibility  of  rope  transmission,  it 
has  been  generally  recognized  by  engineers  to  be  the 
best  mechanical  means  of  power  distribution.  A 
few  of  the  many  advantages  are  that  the  location 
and  position  of  driving  shaft  from  driven  shaft  does 
in  no  way  prevent  the  use  of  same;  the  amount  of 
power  being  unlimited;  economy  in  first  cost  and 
maintenance  being  the  initial  features. 

Other  features  equally  important:  steady  running, 
noiseless,  without  electrical  disturbance,  and  no  loss 
of  power  by  slii:)ping.  Power  may  be  transmitted 
with  rope  by  two  distinct  methods:  as  by  the  mul- 
tiple or  English  system,  and  by  the  contiiuious  or  Amcn-ican  system. 

\\'e  sujipiy   com])lete  equi]inient,  including  sheave  wheels,   tensit)n  ca.n'iag(>s 
etc.,  and  will  design  and  estimate  for  any  contemplated  installation. 


PULLEYS 

Arc  made  from  Cirey  Cast  Iron,  have  Straight 
or  Crown  Faces,  either  solid  or  sjjlit,  for  double 
and  single  belts,  turned  true  and  accuratel}- 
Ijidanced. 

Our  Steel  Rim  Pulleys  have  a  Cast  Iron 
S]Hder  and  rim,  with  an  adequate  steel  rim 
-(>curely  riveted  to  same,  which,  in  turn,  is 
ii'round  true  and  accurately  balanced,  are  light 
and  strong,  made  both  spHt  and  solid,  adapted 
for  high  speed  service. 
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Friction   Clutches 


THE  CARLYLE  JOHNSON  MACHINE 
COMPANY 

MANCHESTER,  CONN.,  U.  8.  A. 

THE  JOHNSON  FRICTION  CLUTCH 

A  Small,  Compact  Clutch  for  Light  Power 


^ftiijlKh      4W5BW 


Single  Clutch-Exterior 


DIMENSIONS  OF 
STANDARD  SINGLE  CLUTCHES 


Double  Clutch-Exterior 


DIMENSIONS  OF 
STANDARD  DOUBLE  CLUTCHES 
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CONSTRUCTION 

As  seen  by  the  illustration,  this  type  of 
r^lutch  has  but  few  parts  and  is  very  compact. 
A  body  fa.^tened  to  the  shaft  carries  a  .sjilit  ring 
in  which  are  inserted  a  pair  of  levers.  A  curve- 
shaped  wedge,  which  is  made  part  of  a  shipper 
sleeve,  forces  the  levers  ajjart,  expanding  the 
ring,  bringing  its  outer  surface  into  frictional 
contact  with  the  inner  surface  of  the  friction 
cup,  the  hub  of  which  is  made  to  suit  require- 
ments. 

The  leverage  is  so  compounded  that  it  re- 
quires but  little  pressure  to  operate  the  Clutch. 

One  screw  which  moves  two  taper  blocics,  set 
into  the  levers,  adjusts  the  contact  of  the  ring 
and  cup  to  any  tension.  This  is  easily  reached 
with  a  screwdriver  through  hole  in  the  friction 
cup.  The  perfectly  smooth  shipper  sleeve  en- 
tirely covers  the  working  parts  so  no  dirt  can 
get  near  them.  The  Double  Clutch  requires  but 
little  more  space  than  the  Single,  and  has  two 
which  can  be  mounted  pulleys,  cones,  gears,  etc 


Section  Broken  Away,  Showing 

Clutch   Engaged   and  Pulley 

Mounted   on   Hub   of 

Friction  Cup 

friction    cups  with  hubs,  on 
.,   of  any  diameter  and   face. 


Elevators 


THE  EASTERN  MACHINERY  CO. 

NEW  HAVEN,  CONN. 
PASSENGER  AND  FREIGHT  ELEVATORS 


DIRECT  CONNECTED  ELEVATOR  MACHINE  AND  CONTROLLER 

For  first -class  elevator  service  at 
high  or  medium  speeds,  for  either 
passenger  or  freight  work,  winding 
machines  operated  by  full  magnet  con- 
trol from  switch  in  car  are  the  most 
convenient,  satisfactory  and  safe. 
They  may  be  opei'ated  with  direct 
current  or  alternating  current.  Where 
direct  current  is  provided  the  machines 
can  be  arranged  for  two-speed  opera- 
tion. They  can  be  built  to  handle  a 
heavy  load  at  a  slow  speed  and  a  light 
load  at  a  high  speed.  Or  t  he  slow->  jx't  d 
provision  may  be  applied  for  conve- 
nient acceleration  at  the  start  and 
making  stops  easier  and  more  accurate. 
Where  alternating  current  is  provided 
they  cannot  be  satisfactorily  arranged 
for  two-speed  control,  and  the  car 
speed  should  not  exceed  approximately 
L50  feet  per  minute 


Direct  Connected  Elevator  Machine  and 

Controller  for  Car  Switch  or   Automatic 

Push-Button  Control 


Direct  Connected  Electiic  Elevator  Machine 
for  Shipper  Rope  Control 

SINGLE   BELT   ELECTRIC 
ELEVATORS 

This  type  of  Elevator  is 
especially  useful  for  freight 
service  and  where  car  speed 
is  not  over  70  feet  per  minute. 
The  operating  parts  consist 
of  the  usual  worm  gear  wind- 
ing machine  driven  with  one 
belt  from  a  compound  wound 
reversing  motor  which  runs 
only  when  the  elevator  is  in 
motion.  Either  direct  or 
alternating  current  motors 
built  for  the  current  in  use 
may  be  employed. 

Electric  elevators  of  this 
type  are  less  expensive  than 
those  with  direct  connected 
winding  machines,  and  give 
very  satisfactory  service. 


DIRECT    CONNECTED    ELECTRIC 
ELEVATOR   MACHINE 

For  Freight  or  Passenger  Service  with 
Shipper  Rope  Control 

This  machine  is  designed  for  mod- 
erate speed  jjassenger  or  freight  service 
and  arranged  to  be  controlled  by 
shipper  rope  passing  through  well 
hole,  with  or  without  wh<>el  operating 
device  in  car  as  may  be  d(\sired. 

Either  direct  current  or  alternating 
current  motors  may  be  used,  wound 
for  any  standard  voltage. 

This  type  of  machine  is  also  made 
compound  geared,  with  single  or 
double  drum. 


Single  Belt  Electric  Elevator 
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Friction   Clutches 


THE  EASTERN  MACHINERY  CO. 

NEW  HAVEN,  CONN. 

FRICTION  CLUTCHES  AND  CUT-OFF  COUPLINGS.      FRICTION  CLUTCH  PULLEYS. 
FRICTION  WINDING  DRUMS. 


Single  Pulley  with 
Link  Sleeve  Friction 


THE  FRISBIE  PATENT  FRICTION  CLUTCH  PULLEYS 

These  pulleys  operate  in  a  perfect  manner  on  all  ma- 
chinery moved  by  wheels,  without  loss  of  power,  with 
no  end  thvust  on  the  shaft,  run  without  noise,  and  very 
little  wear.  They  do  away  with  all  shifting  of  belts  on 
tight  and  loose  pulleys.  They  are  simple  in  construc- 
tion, readily  understood  and  easy  to  adjust.  They  are 
equally  good  for  high  speed  or  low  speed  shafting,  for 
heavy  or  light  work.  The  variety  of  application  is  entire- 
ly unlimited  and  they  areasource  of  profit  wherever  used. 
They  are  in  successful  operation  on  countershafts 
and  line  shafts  in  factories  of  all  descriptions.  They 
are  in  use  in  rubber  mills,  brass  mills,  iron  rolling 
mills,  electric  light  stations,  cotton  mills,  bleacheries, 
grain _ elevators,  coal  elevators,  etc.,  etc.;  on  mining 
machinery,  pile  drivers,  brick  machinery. 
We  make  no  pretensions  for  our  clutches  that  cannot  be  justified  by  their 
record.  They  do  not  vary  from  a  uniform  grade  of  excellence  in  construction, 
their  superior  standing  being  maintained  by  continued  effort  and  well  tested 
imjirovements.  Each  part  is  finished  to  templates  or  jigs  in  a  first-class  manner 
and  each  part  interchangeable. 

CONSTRUCTIONAL   FEATURES 

The  pulley  runs  loose  on  the  shaft 
with  a  renewable  bushing  through  the 
hub,  which  takes  all  the  wear. 

The  V  friction  ring  is  cast  onto  the 
arms  of  small  pulleys,  as  shown  in  the 
views,  and  bolted  onto  the  larger  ones. 
The  system  of  levers  in  the  clutch 
spider,  which  is  keyed  solidly  to  the 
shaft,  together  with  the  friction  shoes 
inside  the  ring,  form  the  operating 
mechanism. 


Pair  of  Friction  Pulleys  with 
Double  Cone  Sleeves 


IMovement  of  the  sliding  sleeve  operates  the  latches  which  move  the  heavy 
dogs,  and  by  means  of  the  shoe  bolts  draws  the  four  friction  surfaces  of  the 
pulley  and  spider  together  in  positive  and  powerful  contact. 

The  leverage  being  great,  only  a  few  pounds'  pull  is  required  on  the  sleeve  to 
exert  enormous  pressure  on  the  friction  surfaces. 
The  amount  of  pressure  is  regulated  by  the  clamp 
nuts  on  the  shoe  bolts,  which  also  take  up  lost 
motion  caused  by  wear.  Notice  that  there  are 
four  friction  surfaces  and  consequently  a  much 
more  powerful  friction  grip  than  with  other 
clutches. 

The  shoes  and  spider  are  shod  with  thoroughly 
sea.soned  maple.  End  thrust  on  the  shaft,  so 
often  noticed  on  other  clutches,  is  also  entirely 
eliminated. 

We  have  on  hand  at  all  times  a  complete  stock 
of  the  smaller  parts  of  our  clutches  and  make  a 
special  point  of  quick  deliveries. 
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Power   Transuiittinq  Machinery 


THE  HILL  CLUTCH  CO. 

CLEVELAND,   O. 

New  York  Sales  Office,  50  Church  St. 

A  COMPLETE  LINE  OF  POWER  TRANSMISSION  MACHINERY  FOR  BELT  AND 
ROPE  DRIVES,  INCLUDING  THE  WELL  KNOWN  PATENTED  HILL  FRICTION 
CLUTCH  (SMITH  TYPE)  AND  COLLAR  OILING  BEARINGS,  BRIEFLY  DESCRIBED 
BELOW. 
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The  Smith  Type  of  Hill  friction 
clutches  are  built  in  19  sizes  ranging 
in  capacity  from  9  to  1300  horse  power 
at  a  100  R.  P.  M.,  and  have  3,  4  and  6 
arms  according  to  their  capacity. 
The  friction  surfaces  are  wood  against 
iron,  which  is  a  combination  offering 
great  frictional  resistance  and  the 
shoe  area  is  exceptionally  large.  The  action  of  the  clutch  mechanism  is 
positive,  no  springs beingused.  The  sectional  view  shows  the  toggle  con- 
nection from  the  cone  to  the  jaws,  which  positively  releases,  as  well  as  en- 
gages the  friction  surfaces. 

A  noteworthy  feature  in  the  design  of  this  clutch  is  that  any  working  part, 
including  the  inside  jaws,  may  be  removed  parallel  to  the  shaft  from  the 
mechanism  side.  This  can  be  done  without  disturbing  the  main  spider 
casting  or  pulley,  as  bolted  gib  guides  secure  the  inner  and  outer  jaws  to 
the  spider  as  shown  in  the  illustration.  The  clutch  pulleys  are  mounted 
upon  split  removable  sleeves,  babbitted  or  bronze  lined  as  specified,  which 
can  readily  be  replaced  without  disturbing  the  pulley  or  clutch. 

HILL  COLLAR  OILING  BEARINGS 

In  the  Hill  Collar  Oiling  bearings 
instead  of  depending  upon  a  loose 
ring  or  chain  for  conveying  oil  to  the 
journal,   a  fixed  collar  is  emploj'od. 

Oil  stored  in  large  reservoirs  in  the 
bottom  of  bearing  is  continuously  and 
positively  elevated  to  the  top  reser- 
voirs by  the  means  of  a  heavy  split 
collar  champed  to  the  shaft.  From  the  upper  reservoirs  the  oil  flows  by 
gravity  over  the  entire  bearing  surface. 

Throe  or  four  revolutions  of  the  shaft  and  the  bearings  are  flooded. 

It  is  not  only  in  the  positive  and  copious  means  of  oiling  that  the  Collar 
Oiling  bearing  gains  in  efficiency,  for  the  collar  also  serves  as  a  thrust  collar 
and  operates  in  a  bath  of  oil  and  thrusts  against  babitted  seats.  On  this 
account  no  outside  collars  are  required  unless  the  end  thrust  is  extremely 
severe.  AH  other  types  of  bearings  require  outside  shaft  collars  which  bear 
against  iron  with  no  lubrication. 
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Metalined  Bearings 


THE  METALINE  COMPANY 

Corporate  name  changed  from 
NORTH  AMEKICAN  METALINE  CO. 

April  U),  1912 

West  Ave.  near  Borden.  l.OXC;  ISLAND  TTTY,  N.  Y. 
METALINED  OR  OILLESS  BEARINGS  AND  BUSHINGS 


Metaline  is  composed  of  metallic  oxides  and  other  substances  reduced  to  an 
impalpable  powder  and  then  solidified  in  hardened  steel  moulds  undei  great 
pressure  into  short  length  plugs  ^6  in.,  H  in.  and  %  in.  in  diameter. 

These  jilugs  are  inserted  into  holes  drilled  in  divided  bushings  of  gun  metal 
bronze,  phosphor  bronze,  or  composition  metal  of  good  quality. 

The  two  halves  of  the  bu.shing  having  been  soldered  together  and  then  ma- 
chined all  over  to  s})ecified  finished  dimen- 
sions, are  separated  and  holes  drilled  into  the 
bearing  surface — not  all  the  way  through  the 
wall  of  the  bushing — intowhich  the  Metaline 
]:)lugs  are  tightly  fitted  and  then  filed  flush 
with  the  bearing  surface,  care  being  taken  to 
Flawed  Bushing  for  see  that  the  spacing  of  the  pUigs  is  such  that 
loose  pulleys  or  for  fl^ev  will  overlap  or  break  joints,  partieularlv  block  sheaves  where 
boxes  having  an  end    along  the  line  of  motion.  ^  there  IS  no  end 


Plain    Bushing   for 
boxes  or  pulley 


or  collar  bearing 


bearing 


Loose  pulley  after  being 

fitted  with  a  set  of  two 

metalined  flanged 

bushings 


"METALINE" 

(Trade   Mark) 

Registered  in  United  States  Patent  Office,  Act  of  Congress 

Approved  February  20,  1905 

Bearings  fitted  with  plugs  of 
Metaline  as  described  above  are 
self-lubricating,  being  positively 
oilless;  indeed  no  oil  or  other 
lubricant  should  be  used. 

It  has  l)een  proved  that  they  last 
for  many  3'ears,  and,  if  the  Metaline 
l)lugs  are  renewed  before  over-much 
wear  of  the  bearing  surface  has 
taken  place,  the  life  of  the  bu.shing 
or  bearing  will  be  very  greatly  pro- 
longed. 

Cleanliness  is  a  very  desirable 
feature,  which  with  the  elimination 
of  the  danger  of  fire,  a  risk  attending  the  use  of  fiuid  or  semi-fluid  lubricants 
in  the  other  types  of  bearings,  should  particularly  commend  the  use  of 
Metaline. 

It  is  conceded  by  the  manufacturers  that  metalined  bearings  are  not  suitable 
for  some  lines  of  service;  but  it  is  claimed  that  these  bearings  give  unusual 
satisfaction  for  tackle  blocks, wire  rope 
and  tramway  sheaves,  loose  pulleys, 
friction  clutch  pulleys,  idler  and  mule 
])ulleys,  elevator  pulleys  and  other 
places  where  the  bearing  revolves 
around  the  shaft;  line  and  counter 
shaft  boxes,  floor  stand  boxes,  ven- 
tilating fans,  small  motor  bearings, 
etc. 


Sheave  fitted  with  plain 

or  unflanged  metalined 

bushing 


One-half  flanged 
bushing 


One-half  plain 
bushing 
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High  Speed  Chains 


MORSE  CHAIN  COMPANY 

ITHACA,   NEW  YORK 

MORSE  SILENT  RUNNING  HIGH-SPEED  CHAINS  AND  SPROCKETS 


The  Morse  Silent-Running  Power  Chain  is  essentially  a  steel  belt  made 
of  flat  links  so  shaped  as  to  form  teeth  on  one  side  of  the  chain,  which  engage 
with  teeth  cut  in  the  sprocket  wdieel  on  which  it  runs. 

It  is  used  in  place  of  belting  or  gears  to  transmit  power  for  any  purpose 
and  is  made  in  sizes  varying  from  \  HT'.  at  3000  R.  P.  M.  to  3000  H.P.  at 
slow  rotative  speeds,  an  aggregate  of  over  500,000  H.P.  being  now  in  suc- 
cessful daily  operation. 

By  its  use  power  may  be  transmitted  with  a  positive  speed  ratio  on  short 
centers,  quietly  and  with  an  efficiency  of  nearly  99  per  cent. 

This  high  efficiency  is  due  to  the  use  of  the  Morse  Frictionless  Rocker 
Joint,  which  consists  of  two  pins  of  hardened  tool  steel,  each  forming  half 
of  the  joint  and  so  shaped  and  held  that  as  the  chain  bends,  the  rounded 
edge  on  one  pin  rocks  upon  the  flat  side  of  the  other,  thus  substituting  a 
rolling  motion  for  the  rubbing  friction  found  in  all  other  chain  joints. 
When  the  chain  is  straight  the  flat  seat  pin  bears  against  one  of  the  flat 
faces  of  the  rocker  pin,  so  that  it  is  only  when  the  chain  bends  that  the 
load  comes  upon  the  rounded  edge  of  the  rocker.  This  prevents  undue 
vibration  in  the  strands  of  the  chain  between  the  sprockets  and  reduces 
wear  of  the  rolling  base. 

The  chain  should  be  lubricated  with  a  heavy  paste  grease  containing  no 
solid  matter. 

The  chains  are  made  in  a  variety  of  widths  to  suit  the  power  transmitted 
and  in  ten  pitches,  the  number  of  revolutions  of  the  smaller  sprocket  deter- 
mining the  pitch  to  be  used,  as  shown  by  the  following  table: 

(See  next  page) 
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High  Speed  Chains 


Mortt  Chain,  Typ«  25,  Showing  Joint  Aotlon. 


MORSE  CHAIN  AND  SPROCKET  DATA 


PITCH 


Mln.  No.      1  Small  Sprocket  Driver 

of  Teeth   J  Small  Sprocket  Driven 

Desirable  number  of  teeth  In  small  sprockets. 

Maximum  number  of  teeth  In  large  sprockets 
(See  Note  3. ) 

Desirable  number  of  teeth  In  large  sprockets.. 

To  find  pitch  diameter  cf  wheel  multiply  no. 
of  Teeth  by 

Addendum.  For  outside  diameter  of  sprock- 
ets 20  to  130  T.    (See  Note  1.) 

Mflxlmum  R.  P.  M 

Tension  per  l  Small  Sprocket  Driver 

« !dt°h  chain  J  Sni^^ll  Sprocket  Driven 

Radial  clearance  beyond  tooth  required  for 

chain 

-Approximate  weight  of  chain  per  Inch  wide,  1 

foot  long 

C 

Constants  for  Steel  Pinions 

C 
Constants  for  Cast  Iron  Sprockets 


13 

17 

15-17 

99 
55-75 

.159 

.05 

2400 

80 

65 


0.50 

1.00 

0.C045 

0.16 


13 

17 
17-21 

109 
55-75 

.199 


1800 
100 


13 
21 
17-21 

115 
55-85 

.239 

.075 

1200 

120 

95 


0.62     0.75 


1.20 
0.0063 
0.25 


1.50 
0.009 
0.35 


15 
25 
17-23 


Irs 


15 
29 
17-23 


55-9555-105 


.2865 

.09 

1100 

150 

120 


0.90 
1.80 
0.01? 
0.45 


.382 

.12 
800 
200 

160 


1.2 
2.50 
.023 
0  7 


55-115 55-115 55  115 


955 


17 
29 
17-27 

129 


17  17 
31  1  35 
17-31'  19-31 

129       131 


.4',  7 

.636 

.15 
600 
270 

.20 
400 
450 

210 

350 

1.5 

2.0 

3.00 

4.00 

.035 

.058 

1. 

2. 

.30 
2-50 
750 

ceo 


3.0 
6.00 
145 
4. 


Note    1.  Numberof teeth=T. 

Exact  Outside  Dia.  =  D. 

When  T  has  less  than  20  teeth,  D  =  Pitch  Dla. 

When  T  has  more  than  20  teeth,  D  =  Pltch  Dia.  +  2  X  Addendum. 
Note    2.  Use  sprockets  having  an  odd  number  of  teeth  wherever  possible. 
Note    3.  When  specially  authorized,  a  larger  number  of  teeth  than  shown  may  be  cut  In  large 

sprocket. 
Note    4.  Thlcknessof  sprocket  rim,  Including  teeth,  should  beat  least  1.2  times  the  chain  pitch. 
Note    5.  The  number  of  grooves  in  the  sprocket,  their  width  and  distance  apart  varies  accord- 
ing to  pitch  and  width  of  chain.    In  every  case  leave  the  designlDg  and  turning  of 

these  grooves  to  the  Morse  Chain  Company. 
Note     6.  The  width  of  the  sprocket  should  be  J  to  J  inch  greater  on  small  drives,  and  i  to  J  Inch 

greater  on  large  diives  than  nominal  width  of  the  chain. 
Note    7.  Thechainshould  haveaneven  numberof  linksand  the  wheelsan  odd  number  of  teeth. 
Note    8.  Horizontal  drives  preferred ;  tight  chain  on  top  desirable  for  short  drives  without  center 

adjustment. 

Note    9.  Adjustable  wheel  centers  desirable  for  horizontal  drives  and  necessary  for  vertical  drives. 

Note  10.  Avoid  vertical  drives. 

Note  11.  Allowa.sideclearanoeforchain  (parallel toaxi.sof  sprocketsand  measured  from  nominal 
width  of  chain)  equal  to  the  pitch. 

Note  12.  Desirable  linear  velocity  for  commercial  service  1200  to  1600  feet  per  minute. 
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Power   Transmission  Machinery 


NORDYKE  k  MARMON  CO. 

INDIANAPOLIS,  IND 

Estab.  1851. 

FLOUR  AND  CEREAL  MILL  MACHINERY,  ELEVATING,  CONVEYING 

AND  POWER  TRANSMITTING  APPLIANCES 


Although  best  known  as  manufacturers  of  Flour  and  Cereal  Mill  Machinery, 
the  Nordyke  &  Marmon  Co.  are  also  large  manufacturers  of  Elevating,  Con- 
vej'ing  aiid  Power  transmitting  appliances.  We  present  herewith  a  partial  list 
of  oiu-  proclucts  in  tliis  line,  and  a  few  illustrations  to  show  the  symmetrical  antl 
powerful  lines  along  which  they  are  designed. 

Our  general  price  list  No.  1020  contains  ^"ief  descriptions  and  complete  tables 
of  j^rices,  dimensions  and  weights. 

We  also  issue  descriptive  catalogues  as  follows:  Roller  Mills,  Bolting  Ma- 
chinery, Book  on  Mills  (Feed  Mill  Machinery),  Packers,  Blending  Machinery, 
Rice  Mill  Machinery,  Special  Corn  Mill  Machinery,  Starch  Mill  Machinery,  and 
numerous  circulars  describing  special  machines. 

We  contract  to  furnish  complete  mechanical  equip- 
ment for  flour  mills,  corn  mills,  cereal  mills,  starch  ana 
rice  mills,  with  or  without  power  plant  from  the  smallest 
to  the  largest  capacities,  furnishing  detailed  building 
and  machinery  plans. 

A  large  and  complete  stock  of  mill  supplies  is  carried 
from  which  orders  are  j^romjatly  filled. 

We  solicit  inquiries  for  prices,  estimates  and  informa- 
tion. 

Attachments,  sprocket  chain 

Bearings,  double,  eccentric,  elevator  boot,  flange, 
flat,  floor,  floor  stand,  hanger,  journal,  pedestal,  pillow 
block-,  post,  rigid  flat,  rigid  vertical,  ring  oiling,  roll 
feeder,  step,  take-up,  universal,  upright,  vertical 

Belt  clami^s 

Belt  conveyor  appliances 
Belt  tighteners 

Belting,  canvas  .stitched,  cotton,  leather,  rubber 
Bevel  gears 

Boots,  elevators — cast  iron,  galvanized  iron,  wood. 
Brackets,  wall 
Buckets,  elevator 
Chain,  sprocket 
Clutches,  friction,  jaw 
Cogs,  wood 
Collars,  safety  set 

Conveyors,  belt,  flight,  helicoid,  spiral 
Countershafts,  variable  speed 

Couplings,  clamp,  cog,  compression,  conveyoi ,  finger, 
flange,  friction  clutch,  jaw  clutch  plate 
Cups,  elevator 
Elevators 

Frames,  sectional  wall 
Gears,  bevel,  spur,  mitres,  internal 
Hangers,  conveyor,  drop,  post 
Plardwood  conveyor  flights 


Adjustable  Ball  and  Socket 

Drop  Hangers 

Double  Bracf,  Ring  Oiling 

Bearings 
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Power   Transmission  Machinery 


NORDYKE  k  MARMON  COMPANY 

INDIANAPOLIS,  IND. 


Heads,  elevator: 
jiialvanized  iron, 
,  priiikler,   .staiulanl 

Hoisting  crab.s 

Hoisting  cranes 

Hoisting  screws 

Jacks 

Keyseating 

Laces,  belt 

Link  belt 

Link  belt  attach- 
ments 

Linings,  coii- 
V(>Vor  Bevel  Mortise  Gearing 

Manila  transmission  rope 

May-Oborn  chain 

[Movers,  car 

Pillow  blocks 

Plates,    anchor,    arch    leveling, 
pulley,  sole  or  base,  toe,  tram 

Post  hangers,  adjustable,  double 
rigid 

Power  grain  shovels 

Pullers,  car 

Pulleys,  cast  iron,  clamp  hub,  flanged,  friction 
clutch,  rope,  solid,  split,  tight  and  loose 

Rack  tighteners 

Rolls,  belt  conveyor 

Rope,  Manila  transmission 

Rope,  sheaves 

Rope,  wire 

Scales 

Set  screws 

Shafting 

Sheaves,  rope,  rubber  filled 

Speed  indicators 

Stands,  floor,  pulleys 

Take-up  boxes 

Tension  carriages 

Tighteners,  belt 

Tracks  for  tension  carriages 

Triple  ccmveyor  bearings 

Troughing  rolls  and  carriers 

\'ertical  shaft  bearings 

Wall  box  frames 

Weights  for  tension  carriage; 

Wheels,  sprocket 

^^'ood  boxes  for  conveyors 

Wood  shaft  conveyor 

Wrenches 


Screw  Belt  Tightener 

Horizontal  and  I'lirifilit 


Finished  Iron  Sheaves 
For  Manila  I'ope  Tran.-<niission 


^^^^^S 


Horizontal  Tension  Carriage 
Doublo  Track 


Steel  Pulleys 

ONEIDA  STEEL  PULLEY  COMPANY 

ONEIDA,  NEW  YORK 

MANUFACTURERS  OF  HIGH  GRADE  STEEL  PULLEYS 


The  ONEIDA  has  the  best  possible  belt  adhesion 
since  the  oval  crown  face  fits  the  belt  perfectly. 

Being  held  to  the  shaft  by  compression  the  bolts  may 
be  drawn  extremely  tight  making  it  practically  a  posi- 
tive drive. 

Owing  to  the  blade  like  arms  the  ONEIDA  has  slight 
windage. 

This  pulley  weighs  but  \  to  \  as  much  as  a  cast 
iron  pulley  and  thereby  saves  from  f  to  |  of  the 
actual  H.  P.  required  to  revolve  a  cast  iron  pulley. 

The  particular  advantage  of  the  Oneida  is  that  it 
is  made  in  the  greatest  range  of  sizes  of  any  steel 
pulley  in  the  world,  thus  making  it  possible  to 
equip  any  mill  complete  with  one  make  of  pulley. 
They  may  be  made  to  fit  any  standard  size  shaft  by 
means  of  a  system  of  interclaangeable  bushing. 


16x4x3i 


Range  of  sizes 


Diameter 

Face 

Bore 


6"  to  126" 
2^0    40" 

rto  s 


Is  made  in  split  form  and  is  thereby 
easily  erected  on  shaft  and  does  not  necessi- 
tate the  removal  of  other  pulleys  and  hang- 
ers to  be  placed  in  position. 

This   illustration 
shows  the    fishplate 
reinforcement    o  f    rim 
and  style  of  riveting  to 
the  arms.      Note  how 
the  parts  are 
m  a  d  e     male 
and     female. 
Impossible   to   bring   to   bear   a 
shearing  strain  on  the  rivets  that 
would  cut  them. 

We  also  manufacture  belt  and 
conveyor  pulleys,  drums,  elevator, 
head,  tail  and  tripper  pulleys, 
flange  and  special  railroad  pulleys. 

Send  for  our  large  and  complete 
catalogue. 


78  X  32  s  3J 
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Variable  Speed   Transmission 


REEVES  PULLEY  COMPANY 

COLUMBUS,   IND. 

Braiicli  House:      Clinton  and   .Monroe  Sts.,  Cliicajio 

"THE  REEVES"  PATENT  VARIABLE  SPEED  TRANSMISSION,   PATENT 

WOOD-SPLIT     PULLEYS,     PATENT     WOOD-SPLIT    PULLEY    CLUTCH, 

POWER  TRANSMISSION   APPLIANCES 


"THE  REEVES"  VARIABLE  SPEED  TRANSMISSION 

Construction  and  Operation.  The  essential  feature  is  tliat  two  pairs  of  cone 
disks  are  spline  mounted  on  two  parallel  shafts.  These  disks  are  operated  by  a 
pivoted  bar  which  is  operated  by  a  screw  in  such  manner  that  one  pair  of  disks 
is  brought  together  while  the  other  pair  is  forced  an  equal  distance  apart.  At 
the  same  time  a  uniform  tension  of  the  special  belt  is  maintained.  Efficiency 
from  80%  to  95%,  according  to  conditions  of  the  service. 

The  inner  sides  or  faces  of  the  disks  form  a  V-shaped  groove  into  which  is 
fitted  an  especially  designed  belt,  having  its  bearing  surface  on  the  edges  instead 
of  the  bottom,  as  with  an  ordinary  belt. 

One  set  of  disks  acts  as  driver  and  the  other  driven.  As  the  disks  are  actuated 
so  the  belt  assumes  the  large  diameter  on  one  pair  of  disks,  it  at  the  same  time 
assumes  the  small  diameter  on  the  opposite  pair,  thus  increasing  or  diminishing 
the  speed  of  the  driven  shaft,  and  giving  any  speed  between  the  two  extremes 
of  variation. 

Installation.  "The  Reeves"  Variable  Speed  Transmission  is  installed  in  the 
same  manner  as  an  ordinary  countershaft  and  may  be  placed  on  the  floor  or 
suspended  from  the  ceiling  as  desired. 

Application.  It  may  be  applied  to  any  machine  or  mechanical  device  what- 
ever requiring  variable  speed,  such  as  Iron  Working  Tools,  Canning  Machinery, 
Packing  Machinery,  Bakers'  Machinery,  Laundry  Machines,  Textile  IMachinery, 
^'eneer  Cutters,   Dryers,  Cement  Machinery,  Paper  Making  Machinery,  etc. 

Sizes.  Made  in  sizes  from  2  H.P.  to  150  H.P.  Speed  Variation  as  great  as  ten 
to  one,  or  less  as  required. 

Catalogue  on  request. 

"  THE  REEVES  "  WOOD-SPLIT  PULLEY 

"The  Reeves"  Wood-Split  Pulleys  are  made  in  all  sizes  up  to  30  ft.  diameter. 
Being  fitted  with  interchangeable  bushings  they  may  be  changed  from  one  shaft 
to  another  of  different  size  at  an  expense  of  a  few  cents  for  a  new  bushing. 

Stocks  carried  in  all  jobbing  centers. 

Catalogue  on  request. 
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Bell  171  (J 


I.  B.  WILLIAMS   cV   SONS 

DOVER,  N.  H. 


NKW  YOHK 
72  Murray  St. 


CHICAGO 
14-10  N.  Franklin  St. 

LEATHER   BELTING 


BOSTON 

157  Suinnii'r  St. 


Buying  leather  billing  i,-i  not  nu  )•(  ly  a  nuitter  of  .--pccitication.s,  in  many  cases 
quoted  but  not  followed.  The  perfurniair-e  of  a  brand  of  belting  during  past 
years,  its  general  reputation  among  belt  users — that  is  what  tells  the  story. 

Make  searching  inquiries  among  the  large  belt  users  and  jobbers  of  belting 
as  to  the  merits  of  different   makes  of  belting,   and  then   compare  results. 

You  will  find  that 

COCHECO   BELTING 
stands  in  a  (;lass  by  itself  as  a  belt  that  has  been  i.n  the  market  for  70  year.-; 
and  has  been  uniformly  of  the  highest  quality. 

There  is  only  one  quality  put  out  under  this  brantl,  and  there  has  never  yet 
been  the  time  when  the  quality  has  been  cut  to  meet  competition,  liuyers 
know  that  to-day,  next  month  or  next  year,  if  they  specify  Cocheco  Belt  they 
will  get  the  same  quality,  the  l>est  center  stoc^k,  heavy  belt  that  can  be  produced 
from  oak-tanned  leather — at  any  price.  In  ( he  modern  factory  where  "efficiency" 
is  the  first  consideration  this  reli;ibility  aud  uniformity  mean  something — are 
worth  something. 

Cocheco  is  made  in  several  weights  for  differ(>nt  drives — as  may  be  needed. 

The  line  also  includes  the  following — 

SHEDITE    WATERPROOF   BELTING 

The  same  Ix'lt  as  the  regular  heavy  CocIhm'o  but  made  up  l)y  special  process 
which  makes  it  waterproof  and  stcamproof.  (iuarant(H'd  the  (Mjual  of  any 
waterproof  l)elt  made. 

DEFIANCE   BELTING 

A  second  cut  Ix-lt.  (iood,  jicavy  l)!'lting  which  will  give  good  service  on 
almost.  :iiiy  drive.     Not    made  over  S  inches. 

BUCKEYE  SINGLE  AND  SPECIAL  DOUBLE 

( 'ut  fiom  lower  edge  stock.  IIe;ny  and  of  good  ((uality  and  very  best  work- 
manshij).     A  very  fine  low-pric( d  belt.     Not  made  over  f)  inches. 

CAIRO    SINGLE    AND    DOUBLE 

A  shovdder  belt,  made  u])  can^fully  and  sold  at  a  very  low  jirice.  A  good  belt 
for  light,  easy  drives. 

Round  belting,  both  oak  and  surface  tanncMl,  in  all  sizes.  Lace  leather,  both 
rawhide  and  surface  tainuii. 
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Power   Transmitting  Machinery 


T.  B.  WOODS  SONS  CO. 

CHAMBERSBUIU;,  PA. 

MANUFACTURING  ENGINEERS, 
POWER  TRANSMISSION  MACHINERY 


Hanger 


Base  Plates,  Plain  and  Adjustable. 

Bolt  Clamps. 

Belt  Shifting;  Appliances. 

Belt  Tifrh toners. 

Binder  Frames,  Single  and  Double  Brace. 

Busliings,  Cast-Iron  for  Loose  Pulleys, 
Ph()s])lu)r  Bronze,  Patent  Bronze  Graphite. 

Cou])lings,  Collins  Compression,  Double 
Cone  Vise  Compression,  Plate  or  Flange, 
Ribbed  Compression,  Ring  Compression,  Shift- 
ing Jaw  Clutch,  Solid  Sleeve,  Universal  Cuant 
Compression,  Friction  Cut-otT. 

Floor  Stands. 

Friction  Clutches,  Dupk>x,  Split,  Cut-off 
Couplings,  Shifter  Stands. 

Girder  Clamps. 

Guide  Pulleys. 

Hangers,  Extra  Heavy  Headshaft,  Head- 
shaft,  Double  Brace,  Ring  Oiling  Ball  and 
Socket,  Peerless  Four  Point,  Bracket-Ring 
Oihng  Patented. 

Mule  Pulley  Stands,  Stationary  and  Ad- 
justable. 

Pillow  Blocks,  Ring  Oiling  Ball  and  Socket, 
Peerless  Four  Point,  Plain  Rigid,  Ring  Oiling 
Rigid. 

Pulleys,  Single  Belt  Solid,  Double  Belt  Solid, 
Sjilit,  Clamp  Hub,  Tight  and  Loo.se,  Flange. 

Quills. 

Quill  Bearings. 

Rope  Transmission. 

Set  Collars,  Solid  and  Split. 

Shafting. 

Step  Bearings,  Plain  and  Adjustable. 

Vertical  Shaft  Bearings. 

Wall  Brackets. 

Wall  Frames,  Steel  Top,  Plain  and  Adjust- 
able; Cast  Iron,  Plain. 

Sheaves. 

Tension  Carriages. 

Rope. 

UNIVERSAL    GIANT    FRICTION    CLUTCH     'i 
WITH  EXTENDED  SLEEVE  » 

This  clutch  is  made  with  an  extended  sleeve 
of  standard  diameter,  so  that  an  ordinary 
l)ulley,  gear,  rope  sheave  or  sprocket  can  be 
used  by  simply  keying  it  on  sleeve  of  clutch. 
It  is  only  necessary  that  the  bore  be  same  as 
diameter  of  sleeve,  just  as  if  bored  to  fit  a  line 
shaft.  This  feature  eliminates  the  expense 
and  delay  of  making  up  sioecial  pulleys,  as  is 
usually  required. 

The  Universal  Giant  Friction  Clutch  is  designed  so  that  the  outer  rim  covers 
and  protects  the  friction  surfaces  from  dust,  dirt  or  any  foreign  substance.  The 
life  of  all  wearing  parts  is  thus  greatly  prolonged  and  the  clutch  is  made  espe- 
cially valuable  for  use  in  cement  mills,  phosphate  factories,  elevators,  or  any 
place  where  dust  or  gritty  substances  are  afloat  in  the  air. 
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Universal  Giant  Friction  Clutch 
Pulley 


Ball  Bearings 

AUBURN  BALL  BEARING   COMPANY 

22  ELIZABETH  SIREET,  ROCHESTER,  N.  ^'. 

AUBURN     BALL     THRUST     BEARINGS;         AUBURN     ANNULAR     BALL     BEARINGS; 
AUBURN  STEEL,  BRASS,  AND  BRONZE    BALLS. 


Auburn  Ball  Thrust  Bearings  are  especially  adapted  for  High  Speeds 
and  Heavy  Loads  in  a  small  space  due  to  Auburn  Patented  Four  Point 
Contact  Cone  Principle,  illustrated  by  the  trade  mark.  Specially  selected 
tool  steels  properly  hardened  through  and  through  in  the  balls  and  races, 
together  with  careful  grinding  and  polishing,  make  Auburn  Bearings  most 
durable. 

Auburn  Ball  Thrust  Bearings  are  used  extensively  for  Boring,  Drilling, 
Milling  and  Screw  Machinery;  Lathes,  Elevators  and  Jacks;  Hydraulic 
and  all  Transmission  Machinery  whereAer  the  thrust  of  a  rotating  part  is 
to  be  taken  care  of. 

AUBURN  STYLE  T-lOO  BALL  THRUST  BEARING. 

Auburn  Style  T-lOO  bearing  is  a  self  contained 
ball  thrust  bearing.  The  outside  retaining  sleeve 
is  attached  to  the  lower  race  of  the  bearing  with 
the  upper  race  free  to  rotate,  yet  held  in  place. 
This  sleeve  furnishes  a  protection  to  the  balls  from 
dust  and  dirt,  as  well  as  making  the  bearing  a 
unit.  This  feature  greatly  facilitates  the  assembling 
I  if  the  bearing  on  the  machine  and  does  away  with 
the  loss  of  balls  in  transit  and  during  the  operation  of  installing.  It  isa  style 
for  use  in  exposed  places  where  some  protection  to  the  bearing  is  desired. 

AUBURN  STYLE  T-114  BALL  THRUST  BEARING. 

Where  there  is  a  housing  to  protect  the  bearing 
this  Auburn  Style  T-114  is  desirable.  It  is  also 
self-contained  and  a  unit  with  the  advantage  of 
easy  assembling  on  the  machine.  The  retaining 
sleeve  is  attached  to  the  bore  of  one  race,  leaving  '"^^^'.^r^irJ' 
the  other  free  to  rotate,  yet  holding  same  in  position. 
This  is  a  style  to  use  where  a  good  circulation  of  oil 
must  be  had. 

AUBURN  STYLE  T-101  BALL  THRUST  BEARING. 

When  the  self-contained  feature  is  not  desired  Style  T-101  Ball  Thrust 
Bearing  is  furnished.  This  comprises  two  grooved  ball  races  filled  with 
balls. 


Auburn  Ball  Thrust  Bearings  are  carried  in  stock  for  immediate  ship- 
ment covering  a  range  of  shafts  up  to  five  inches  in  diameter,  in  light  and 
heavy  types.  Larger  sizes  with  load  capacities  up  to  200,000  pounds  can 
be  furnished  promptly. 

Bearings  specially  designed  to  meet  unusual  conditions  of  service  can  be 
made  promptly.      Write  for  bulletin. 
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Hdll  Bearings 


THE   HESS  BRIGHT  MFG.  CO. 

PHILADKLPHIA,  PA. 

TT-D     MANUFACTURERS   AND    IMPORTERS  OF    "TV  1X717 
11 IJ    ANNULAR  AND  THRUST  BALL  BEARINGS    U  VV  T 


HESS-BRIGHT  (DWF)  BALL  BEARINGS 

arc  used  in 

Lineshaft  Hangers  Trolley  Cars 

Machine  Tools  Woodworking  Machinery 

Dynamos  and  Electrics  Motors  Flour  Milling  Machinery 

Automobiles,  etc. 

Special  literature  on  request  tlescrihing  these  and  other  applications. 

Aside  from  the  economy  in  power  which  they  make  jjossible,  Hess-Brights 
effect  important  savings  in  repair  and  upkeep  charges,  due  to  the  fact  that  wear 
is  virtually  absent. 


HESS-BRIGHTS  of  "heavy,"  "medium"  and  "light"  series,  for  same  shaft  size 
ANNULAR  BEARINGS 
Made  regularly  in  sizes  up  to  110  mm.  (4.3307  inches)  shaft  diameter.   Special 
sizes  to  order  if  quantity  is  sufficient. 

Three  series:  "Heavy,"  "Medium"  and  "Light," 
for  equal  shaft  sizes.    Regular  and  high-speed  types. 
Hess-Bright  Annular  Bearings  are  so  constructed 
that  the  sides  of  the 
races  are  unbroken. 
This  fact  has  an  im- 
portant   bearing  on 
durability. 


HESS-BRIGHT 

THRUST  BEARINGS 


THRUST  BEARINGS 

?vlade  regularly  in  sizes  up  to  140  mm.  (5.5118  inches)  shaft 
diameter.     Larger  sizes  on  special  order. 

Two  series:  "Medium"  and  "Light." 

One-direction  and  two-direction  types,  wuth  or  without  align- 
ing washers,  though  the  use  of  such  washers  is  recommended. 

Our  Engineering  Department  is  at  the  service  of  our  customers 
for  recommendations  as  to  type,  size,  and  mounting  of  bearings 
to  secure  best  results.  All  intending  users  of  Hess-Brights  are 
urged  to  avail  themselves  of  this  service,  for  which  no  charge  is 
made. 


Section  of  Ceiling 
Hanger 
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Roller  Bearing  Line  Shaft   Boxes 


HYATT  ROLLER  BEARING  COMPANY 

NEWARK,  NEW  JERSEY 


HYATT  FLEXIBLE    ROLLER   BEARING  LINE  SHAFT  BOXES 


Actual  service  covering  a  i)eriod  of  over  L5  years 
has  demonstrated  the  Hyatt  Flexible  Roller  i3ear- 
ing  pre-eminently  successful  for  line  shaft  work. 

The  distinctive  feature  of  the  Hyatt  Flexible 
Rcller  Bearing  is  the  roller,  which  is  made  from  a 
strip  of  steel  wound  into  a  coil  or  spring  of  uniform 
diameter.  The  greatest  advantage  of  a  roller  of  this 
construction  is  in  its  flexibility,  enabling  it  to  present 
at  all  times  a  bearing  along  its  entire  length,  result- 
ing in  a  miiform  distribution  of  load  on  the  roller 
itself,  as  well  as  the  surfaces  on  which  and  in  which 
it  operates.  All  tendency,  therefore,  to  distortion 
of  these  surfaces  is  entirely  eliminated,  for  the 
roller  will  adjust  itself  to  all  irregularities  that  may 
be  present,  there  being  no  necessity  for  hardening 
the  various  parts  of  the  bearing,  any  good  steel 
surface  satisfactorily  answering  all  requirements. 


Four-Point  Set  Screw 


It  will  also  be  seen  from  its  construction 'that  the  rcller  essentially  acts  as  an 
oil  reservoir,  while  the  spiral  and  roller  together  perform  the  function  of  an  oil 
carrier,  thereby  assuring  perfect  lubrication  of  all  parts  at  all  times,  making 
it  possible  to  operate  the  bearing  for  a  considerable  interval  without  attention. 

By  vtirying  the  diameter  of  the  roller  as  well  as  the  thic^kness,  width  and 
character  of  stock  from  which  it  is  made,  it  is  j^ossible  to  so  vary  its  nature  as  to 
enable  it  to  operate  under  the  most  varied  conditions,  from  the  heaviest  loa<l 
on  on(>  hand  to  the  highest  speed  on  the  otluM'. 


The  box  is  of  iron,  cast  in  two  jiarts 
and  lined  with  steel.  When  assemb'led  it 
is  held  by  two  large  Fi-ench-head  screws, 
one  at  each  end  at  opposite  sides.  At 
the  top  are  automatic  self-closing  oil 
cups,  eUminating  foreign  matter.  At 
each  end  of  the  box  are  oil  weils.  A 
wiper  is  placed  in  the  lower  side,  and 
as  the  oil  works  outward  on  the  shaft 
it  is  cavight  by  the  wipers,  and  is  re- 
turned to  the  bearings  to  be  again  ta- 
kcn  up  by  the  rollers. 


|li«B<m.wik«««»iniwiWMi«««i 
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Halves  of  Split  Hyatt  Roller    Bearing  Box 
for  Line  Shafting 


Numerous  tests  have  been  made  under 
all  conditions  of  speed  and  load  and  in 
all  classes  of  equipment,  and  in  every 
instance  have  justified  our  claims  of  a 
saving  in  power  from  10  to  25  per  cent., 
depending  upon  local  conditions. 

Write  for  Bulletin  400C. 


Roller  Bear  in  (IS 


HYATT  ROLLER  BEARING  COMPANY 

NEWARK,  NEW  .JERSEY 


Commercial  Type 


HYATT  STANDARD  and  HIGH  DUTY  BUSHINGS 

'I'lic  lly;itt  Roller  Bearing  ay  applied  to  nia- 
cliincrv  in  tjeiieral  is  offered  in  two  separate  and 
distinct  type.s — tho  Commercial  Type,  its  original 
form,  and  the  High  Duty  Type,  a  subsequent  tle- 
v(>lo])inent .  Both  types  are  based  upon  the  same 
fundamental  jninciple  of  the  Hyatt  Flexible  Roller, 
l)ut  diffei-  so  far  as  manufacture  is  concerned  in 
the  character,  tjpe  and  treatment  of  the  material 
used,  and  in  their  commercial  applications,  in  the 
conditions  of  speed  and  load  involved,  the  limitations  in  sizes,  the  character  of 
tlie  ajjparatus  in  question  and  the  particular  views  on  the  part  of  the  designer 
or  purchaser  as  to  the  type  of  bearing  considered  prefei'able. 

The  advantages  pecuUar  to  Hyatt  Bushings  may  be  enumerated  as  follows: 

1.  The  Hyatt  Bearing  is  appUcable  to  all  speeds  and  loads;  by  employing 
light  flexible  rollers  we  obtain  a  bearing  suitable  for  light  work;  by  employing 
heavier  and  stiffer  rollers  we  meet  conditions  involving  heavy  duty  at  slow 
speed. 

2.  The  Hyatt  Roller  cannot  crush,  as  it  is  designed  to  support  the  load  with 
a  liberal  factor  of  safety. 

;!.  The  flexibility  of  the  Hyatt  Roller  insures  a  full  line  of  contact,  as  compared 
with  the  series  of  points  presented  by  either  solid  rollers  or  balls.    Consequently 

a   uniform   distribution  of  the  load  is  obtained 

and  there  is  no  tendency  to  distort  the  metal 

of  the  journal  or  casings. 

^^       \  0   jJ  \         ^-    ^^^^  Hyatt  Roller  acts  as  a  natural  oil  reser- 

'iH  ,«»s^      HB  vovc,  and  the  alternated  right  and  left  spirals  act 

JHHr      S;^  /     as  oil  carriers. 

'  5.    The  Hyatt  Roller  has  shown,  under  tests, 

a  lower  coefficient  of  friction,  hence  higher  effi- 
ciency, than  any  other  design. 

The  special  bushings,  heretofore  furnished  in 
small  quantities,  have  been  high  priced  because  of  the  necessarily  high  cost  of 
manufacturing  and  correspondingly  high  percentage  of  overhead  expense  which 
they  had  to  carry. 

We  became  convinced  that  adopting  a  number  of  standard  sizes,  manufac- 
turing them  in  large  quantities,  and  carrying  them  in  stock,  would  enable  us  to 
sell  these  standard  bushings  in  limited  quantities  at  a  very  moderate  price. 

We  are  now  in  a  position  to  furnish  Hyatt  bushings  in  any  quantities  at  reason- 
able prices.  They  are  designed  for  all  conditions,  speeds  and  loads,  and  therefore 
be  suitable  for  all  classes  of  machinery.  These  standard  commercial  bushings 
will  be  supplied  in  one-half  inch  lengths  when  the  quantity  justifies  making  them 
up.     The  high-dutj'  bushings  in  sizes  as  per  Bulletin  305. 


9 


High  Duty  Type 
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Roller  Bearings 


ROYERSFORD  FOUNDRY  AND 
MACHINE  CO. 

rvi  N.  5tii  St.,  PHILADELPHIA,  I'A. 

POWER  TRANSMISSION  MACHINERY  AND  SELLS  ROLLER  BEARINGS 


The  Split  Bushing 


SELLS  ROLLER  BEARINGS  —  THE  SPLIT  BEARING 

Wear  of  the  t<haft  is  ])revented  in  The  Sells  Roller  Bearings  by  a  high-carbon 
steel  bushing  upon  which  the  rollers  operate.  This  bushing  is  split  diagonally 
so    the   rollers    can   pass   from  one  half  to   the  other  without  breaking  down 

the  edges  at  the  splits.  Two  split  collars 
clamp  the  two  halves  of  the  bushing 
securely  to  the  shaft.  By  varying  the 
thickness  of  these  bushings,  the  Sells 
can  be  adapted  to  fit  different  diameters 
of  shafting. 

THE  SPLIT  COLLAR 

The  Split  Collars  not  only  clamp  the 
bushing  to  the  shaft,  but  also  retain  the 
roller  structure  between  them.  As  these 
collars  revolve  with  the  roller  structure, 
friction  and  wear  caused  by  end  thrust 
are  reduced  to  a  minimum.  The  shaft 
revolves  faster  than  the  roller  structure, 
so  that  the  collars  assist  the  roller  struc- 
ture to  revolve,  and  still  further  mini- 
mize friction. 

THE  SPLIT  ROLLER  STRUCTURE 

The    roller    structure    is    very    rigid. 

It  contains  the  rollers,  separates  them 
from  each  other,  and  insures  alignment 
with  the  shaft. 

The  Rollers  are  case  hardened  steel, 
accurately  ground  to  size,  and  being 
hard  on  the  outside  and  soft  on  the  in- 
side, they  are  not  brittle  and  therefore 
no  breakage  of  rollers  occurs. 
THE  SPLIT  BOX 

The  Split  Box  is  made  of  a  special 
gray  iron  casting,  carefully  machined. 
It  is  split  with  a  milled  tongue  and 
grooved  joint  and  the  halves  are  bolted 
together. 

Reservoirs  for  lubricant  are  provided 
and  grease  and  drain  holes  are  conven- 
iently placed.  Felt  packing  at  the  ends 
of  the  box  retains  the  lubricant  and  ex- 
clutles  dust. 

SELLS  ROLLER  BEARING  BOXES 


The  Split  Collar 


(i/jf^jufuy)} 


The  Split  Roller  Structure 
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The  Spht  Box 


For  heavy  duty  on  head  and  line  shafts  we 
recommend  the  double  box  described  at  bottom  of 
next  page. 
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Shaft  Hangers  and  Pillow  Blocks 


ROYERSFORD   FOUNDRY  AND 
MACHINE  CO. 

POWER  TRANSMISSION  MACHINERY  AND  SELLS  ROLLER  BEARINGS 


Drop  Hangers.  Post  Hangers  and 
Pillow  Blocks  with  universal  adjust- 
niciit  are  now  so  generally  admit ((mI  to 
he  superior  to  any  other  typ(>,  that 
it  is  needless  to  advance  any  argu- 
ment in  favor  of  their  use. 

Add  to  frames  of  this  type  a  Sells 
Roller  Bearing  Box  and  you  have  prac- 
t  ieally  a  frictionlcss,  non-wearing  bearing. 

The  illustrations  on  this  page  show 
how  S(>lls  Koller  Bearing  Boxes  are  ap- 
l)lied  to  Royersford  drop  hangers,  post 
hangers  and  ]iillow  blocks.  They  may 
also  be  substituted  for  old  style  boxes 
of  equivalent  shaft  diameters,  in  most 
standard  makes  of  hangers,  post  hangers, 
or  j)illow  blocks. 

As  the  boxes  are  split,  the  substitu- 
tion is  simple  and  inexpensive.  Several 
hundred  feet  of  line  shafting  can  be 
changed  over  night,  without  interrup- 
ing  the  running  of  the  plant  during  the 
day. 

If  Roller  Bearings  are  an  economy  in 
all  other  power-transmitting  work  on 
account  of  their  anti-frictional  qualities, 
why  will  they  not  be  just  as  efficient  on 
shafting  which  runs  steadily  for  ten 
hours  a  day  in  most  plants. 

If  it  requires  power  to  overcome 
friction  and  steam  to  create  power,  why 
not  use  Roller  Bearings  and  prolong 
the  life  of  your  equipment,  as  well  as 
reduce  the  consumption  of  fuel  necess- 
sary  to  create  the  power. 

We  guarantee  a  reduction  in  the 
friction  load  of  from  40  per  cent  to  60 
])er  cent,  which  annually  will  more 
than  pay  for  the  cost  of  substitution. 

Further  information  on  request. 

DOUBLE  BEARING  FOR  HEAVY 
DUTY 

The  SELLS  Double  Box  is  similar  to  the 
regular  Sella  Bearings,  except  two  roller  struc- 
tures are  used  to  obtain  longer  bearing  surface, 
when  bearing  is  used  on  head  shafts  or  on  lino 
shafts  adjacent  to  main  driving  pulley,  and 
especially  where  most  of  load  is  on  one  bearing. 
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Pillow  Block 
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Wire  Rope 


DURABLE  WIRE  ROPE  COMPANY 


<)o-9o  Pj:akl  Street, 


Agencies 

Hegeman  &  Ward 
43  South  St.,  New  York 


BOSTON,  MASS. 


F;iirbanks  Co. 
Baltimore 


Durable  Wire  Rope  Co. 
10.")  W.  Lake  St.,  Chicago 


John  A.  Roeblings  Sons  Co. 
San  Francisco,     Portland,      Seattle 


This  i.s  a  rope  coinpo.-cd  of  wire  .strands,  each  strand  being  .served  with  a 
specially  prepared  hemp  marline,  and  the  whole  laid  up  around  a  manila  centre. 
This  construction  makes  the  rope  more  flexible  than  plain  wke  and  more  duraVjle 
than  plain  wire  or  manila,  as  it  is  rust  and  rot  proof. 

GENERAL  USAGES 

Owing  to  its  great  flexibility  and  freedom  from  wear  and  rust  Durable  Wire 
Rope  is  especially  adai)ted  for  General  Hoisting,  Car  Hauls,  Crane  and  Derrick 
Ropes,  CJrain  Shovel  Ropes,  Saw  Carriages,  Slings. 

MARINE  USAGE 

Owing  to  its  protection  from  rust  and  rot  Durable  Wire  Rope  is  particularly 
adapted  for  Boat  Falls,  Cargo  ^^'hips,  Heavy  Purchases,  Topping  Lifts,  (luy 
Tackles,  Slings,  Buoy  Lines  and  Tow  Lines,  Fasts  and  Rigging. 

ROPE  TRANSMISSION 

Due  to  its  high  coefficient  of  friction  and  strength,  Durable  Wire  "Jupiter" 
Transmission  Rope  is  particularly  well  adapted  for  Rope  Drives,  e.-i)ecially  the 
American  System.  A  glance  at  the  comparative  table  given  below  will  demon- 
strate the  superiority  over  manila  ropes. 


Table  Showing  HORSE-POWER  Transmitted  (per  Wrap)  by  MANILA  (M)  and  JUPITER  (J) 

Rope,  Diameter  of  Sheaves  in  Inches;  Weight  per  Foot  of  Manila  Rope; 

Weight  per  Foot  of  Jupiter. 
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JUPITER  ROPE  WILL  RUN  ON  MANILA  ROPE  SHEAVES 


in  re   Rope 


JOHN  A.  ROEBLING'S  SONS  CO. 


TKENTON,  N.  J. 

WIRE  ROPE  OF  ALL  KINDS 


We  maniifacturo  and  koej)  in  stock  at  our  works  at  Trenton  and  at  warehouses, 
at  agencies  and  branches  in  large  cities  wire  rope  made  from  Swedish  Iron,  Cast 
Steel,  Extra  Strong  Cast  Steel,  Plough  Steel  and  Improved  Plough  Steel. 

We  give  below  tables  of  strengths,  etc.,  for  the  standard  constructions  of 
niPlU)\ED  PLOUGH  STEEL  ROPE.  The  rope  is  also  furnished  with  tJ 
strands  of  37  wires  each  and  with  8  strands  of  19  wires  each. 

This  rope  is  recommended  as  the  best  to  use  where  extreme  conditions  tend 
to  bring  extraordinarily  severe  stres.ses,  and  is  particularly  well  adapted  to  resist 
:il)rasion. 

The  hemp  center  of  this  rope  is  coloretl  blue  to  distinguish  it  from  other  wire 
ropes. 

A  copy  of  our  catalogue,  giving  information  about  other  wire  ropes,  and  wire 
rope  fastenings,  will  be  mailed  on  apj^lication. 

IMPROVED  PLOUGH  STEEL   HOISTING  ROPE 
Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strand. 


Trade       !    Diameter 
Number.    1   in  inches. 

Approx. 
circumf. 
in  inches. 

Approx. 
weight 
per  foot. 

Approx. 

strength 
in  tons  of 
2000  lbs. 
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working 
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tons  of 
2000  lbs. 

Dia.  of 
drum  or 
sheave 
in  feet 
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IMPROVED  PLOUGH  STEEL  ROPE 

For  Haulages  and  Transmissions.      6  Strands   and   a    Hemp    Center, 
7  Wires  to  the  Strand. 
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Manila  and  Wire  Rope 


WATERBURY  COMPANY 

80  SOUTH  STREET,   NEW  YORK  CITY 

MANILA  AND  SISAL  ROPE;  WIRE  ROPE  OF  EVERY  DESCRIPTION;  MUSIC  WIRE; 
OIL  WELL  LINES,  BOTH  WIRE  AND  FIBRE;  RUBBER  INSULATED  WIRES;  LEAD 
COVERED  CABLES 


TRANSMISSION  ROPE 

Made  from  highest  grade  of  Selected  Cebu  Manila  Hemp. 
This  Rope  is  especially  adapted  to  power  driving,  hoisting  and  other  pur- 
poses where  conditions  require  a  superior  Rope. 

GORE  CONSTRUCTION  WIRE  ROPE  (Patented) 

Made  6  strands,  19  to  61  wires  to  strand,  according  to  size. 
Furnished  in  Crucible  Cast  Steel,  Extra  Strong  Cast  or  Plow  Steel 
stock.  The  strands  in  this  class  of  Rope  are  wound  with  flat  wires  having 
convex  edges,  which  wires  take  the  abrasion  on  crown  of  strands.  The 
initial  factor  of  safety  is  maintained  longer  in  Gore  Construction  Patent 
than  in  any  other  class  of  Rope.  For  severe  usage  in  Hoisting  and  Haulage 
equipments,  Dredging  and  Steam  Shovel  service. 

FIBRECLAD  WIRE  ROPE 

A  combination  Rope  of  Wire  and  the  best  grade  of  Tarred  Russian 
Hemp  Marline — used  extensively  by  the  United  States  Government, 
Shipbuilding  Plants,  Power  Plants,  Towing  and  Transportation  Com- 
panies, Stevedores,  Coal  Companies,  and  in  fact  for  all  Hoisting  purposes 
and  other  general  uses. 

NON-ROTATING  ROPE 

Manufactured  in  various  grades  of  steel  to  meet  working  conditions. 
Non-Spinning  or  Non-Rotating  Ropes  are  particularly  adapted  to  work 
where  single  lines  are  used,  and  overcome  the  tendency  of  Ropes  to  spin, 
twist,  or  kink,  with  or  without  load. 

ELECTRIC  WIRES  AND  CABLES 
Any  Insulation — For  Any  Service 
Rubber — Code-Intermediate — 30%  Para 

Braided  or  Lead  Encased. 
Varnished  Cambric — Weatherproof   Braided,   Flameproof  Braided   Station 

Cable,  Lead  Encased  Underground  Cable. 
Paper — Lead  Encased.     Dry  or  Saturated  Core. 
Submarine  Cables  for  any  Service — 

We  design  and  install  complete  Aerial  and  Underground  Systems. 


Belting 


BOSTON  BELTING  COMPANY 


250  DEVON8HIRE  St.,  BOSTON 


lOORpadeSt. 
New  York 


90  Pearl  St. 
Buffalo 

BELTING 


169  W.  Lake  i^t. 
Chicago 

HOSE 


55  First  St. 
San  Francisco 

PACKING 


105  First  St. 
Portland,  Oregon 


TRANSMISSION  BELTING 

Brands — Red  Frictioned,  Imperial  stitched,  Elm- 
wood,  Boston,  Niagara,  Trimount,  Universal. 

Adapted  for  all  conditions  of  service;  made  from 
ciualities  and  weaves  of  duck  and  grades  of  rubber 
which  assure  maximum  service  and  economy. 

GUTTA-BALATA  BELTING;  a  high-grade  tex- 
tile belt,  adapted  for  power  transmission,  also  for 
conveying;  so  constructed  that  belts  four-ply  and 
heavier  have  absolutely  seamless  faces,  and  either 
side  can  be  run  next  the  pulleys;  not  injuriously 
affected  by  moderate  quantities  of  oil  or  grease. 

EELSKIN  SOLID  WOVEN  COTTON  BELTING  made  in  three  weights- 
single,  double  and  trijile;  a  solid,  multiple-woven  belt,  woven  under  high  tension, 
from  high-grade  yarns;  thoroughly  impregnated  with  a  preservative  compound; 
strong,  flexible,  atlapted  for  service  under  practically  all  conditions. 

CONVEYOR  BELTING 

Made  all  widths  and  thicknesses,  with  regular  rubber  cover,  or  extra  thick 
rubber  cover  on  one  or  both  sides,  and  reinforced  edges;  adapted  for  use  on 
straight  or  troughing  pulleys,  for  carrying  coal,  ores,  grain,  gravel,  sand,  and 
other  matei-ials. 

HOSE,  rubber,  for  water,  steam, 
gas,  ail',  suction,  oil  and  fire  pro- 
tection. 

ROXBRO    BRAIDED     HOSE, 

which  is  furnished  in  continuous 
lengths  up  to  500  feet,  is  especially 
recommended  for  pneumatic  use. 

Cotton  Hose,  rubber-lined,  fur- 
nished in  light  and  heavy  single 
fabrics  and  medium  and  heavy 
jacket  fabrics;  for  all  kinds  of  fire 
protection  equipment. 

Unlined  linen  hose,  American  Underwriters;  supplied  in  all  sizes  and  lengths, 
for  interior  fire  protection  equipment.     Approved  by  all  insurance  interests. 

PACKINGS;  sheet  form,  for  flanges  and  joints;  adapted  for  all  conditions  of 
service.  Piston  and  valve  rod  packings,  round,  square  and  spiral;  for  hot  and 
cold  water  and  hydraulic  purposes. 


GASKETS 


VALVES 


SPRINGS 


RUBBER  COVERED  ROLLERS 

New  Rollers  Complete.  Rollers  Re-covered. 

High-grade  coverings,  made  from  selected  gums;  adapted  for  paper  and  textile 
mill  uses,  tanneries,  tobacco  factories,  and  every  purpose  for  which  rubber- 
covered  rollers  are  used. 


Belting 


THE  B.  F.  GOODRICH  COMPANY 

AKRON,  OHIO 

OflSces  in  all  principal  cities 
MANUFACTURERS  OF  MECHANICAL  RUBBER  GOODS,  TIRES,   ETC. 


BELTING 

TRANSMISSION  BELTS— Main  drivers  require  the  Ijest  quality.  Weight 
and  weave  of  duck,  amount  of  stretch  in  service,  and  character  of  cover  should 
be  considered.     We  recommend  the  following  grades: 

"PINNACLE" — frictioned-surface,  maximum  strength,  extreme  quality. 

"TITANIC" — regular  covered,  extra  strong  and  long  lasting  for  hard  service. 

"PILGRIM"— regular  covered,  heavj^  duck,  good  friction  and  cover;  for 
general  service. 

On  small  pulleys  operating  on  high  speed,  we  recommend: 

"MARATHON" — a  friction  surface  belt  of  highest  quality,  bxiilt  on  special 
woven  liglit,  flexible  duck. 

Light  drives,  such  as  agricultural  service,  are  well  met  by  "ROB  ROY,"  built 
on  medium  duck,  and  "SIGNAL,"  built  on  light  weight  duck. 

CONVEYOR  BELTS  for  conveying  ore,  coal,  rock,  etc.,  call  for  special  qual- 
ities in  the  belt  that  have  taken  years  of  practical  experience  to  develop.  A  duck 
of  maximum  strength  and  extreme  flexibilitj',  a  strong  friction,  a  wear-resisting 
cover,  which  will  remain  pliable  and  an  edge  armored  against  chafing  are  all 
required.     We  offer  the  following  grades: 

"LONGLIFE" — for  severe  service,  where  extreme  wear  is  desired. 

"MAXECON" — for  ordinary  service;  low  priced,  but  reliable  and  serviceable. 

For  handling  grain,  packages,  etc.,  there  is  so  little  abrasion  and  the  condi- 
tions are  so  dry  that  belts  of  ordinary  construction  can  be  used.  We  recommend 
our 

"GRAINBELT" — medium  weight  duck,  cover  of  usual  thickness. 

ELEVATOR  BELTS  for  mines  and  quarries  require  a  duck  of  extra  strength, 
quality  and  weight  to  resist  the  tensile  strains  and  the  action  of  the  bucket  bolts. 
We  use  a  special,  tightly  woven  duck  and  recommend  the  following  belts  built 
on  it: 

"AKRON"  Elevator  Belt — high  grade,  designed  for  the  hardest  service. 

"STERLING" — shghtly  lower  grade,  for  general  conditions,  stitched  when 
handling  very  wet  materials. 

Grain  Elc'^ators — Because  of  the  dry  conditions  and  the  light  material  the 
strains  are  not  so  severe  and  we  recommend  "PILGRIM" — with  a  heavy  duck, 
and  "ROB  ROY"— with  a  medium  duck. 

"  GOODRICH  AXLE  LIGHTING"  belt  meets  the  severest  service  known— 
that  of  the  electric  train  lighting  from  the  car  axle. 

POLISHING  BELTS  — Sometimes  called  Emory  Belts;  built  on  especially 
strong  fabric  with  light  quality,  tough  friction. 
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THE  ROSSENDALE  REDDAWAV 
BELTING  AND   HOSE  COMPANY 

NEWARK,  N.  J.,  U.  S.  A. 

"CAMEL   HAIR"  BELTING,  CANVAS  STITCHED  BELTING,   SOLID  COTTON  BELT- 
ING, ARABIAN  "ASBESTOS  BRAKE   LINING" 


"CAMEL"  BRAND  "CAMEL  HAIR"  BELTING 

This  belt  is  remarkable  for  its  great  strength  (almost  twice  that  of  the 
leather  belting),  long  lite,  small  slippage,  minimum  stretching,  straight 
true  running,  and  for  the  fact  that  it  is  less  affected  by  dampness  or  acid 
fumes  than  any  other  kind  of  belting.  This  belting  is  also  sold  under  a 
guarantee  that  it  will  give  longer,  better  service  than  any  other  style  of 
belting  running  under  the  same  conditions.  Made  in  four  thicknesses 
as  follows: 

SIXGLE  "CAMEL"  which  corresponds  to  single  leather  or  to  4-ply 
canvas  and  rubber. 

MEDIUM  "CAMEL"  which  corresponds  to  heavy  single  leather  or  to 
5-ply  canvas  and  rubber. 

DOUBLE  "CAMEL"  which  corresponds  to  double,  and  heavy  double 
leather  or  to  6-  to  8-ply  rubber  and  canvas. 

Extra  heavy  "Camel"  to  correspond  to  triple  leather  and  all  extra 
heavy  types  of  belting. 


STITCHED  CANVAS  BELTING  "SPHINX  BRAND" 

Thoroughly  equal  to  the  best  on  the  market  in  this  type  of  belts,  and 
iffords  economy  if  substituted  as  follows: 

8-ply  in  place  of  double  leather  or  5  and  6-ply  rubber. 
6-i)ly  in  place  of  light  double  leather  or  5-ply  rubber. 
4-ply  in  place  of  single  leather  or  3-ply  rubber. 
10-ply  where  extraordinary  strength  is  required. 

Made  in  all  weights. 


"BLACK-BIRD"  WOVEN  COTTON  BELTING 
FOR  TRANSMISSION  AND   CONVEYOR  WORK 

An  improved  woven  belt  manufactured  under  high  tension  from  the 
finest  quality  of  long-staple  cotton. 

Impregnated  with  a  special  composition  which  protects  the  fibre,  keeps 
the  belt  pliable,  and  prevents  it  from  becoming  hard  and  dry. 

Will  run  well  in  steamy  or  wet  places  and  on  drives  exposed  to  the 
weather. 


ARABIAN  "ASBESTOS  BRAKE  LINING" 

Especially  suitable  i-  r  automobile  brakes.     Made  in  all  widths  from  one 
to  four  inches.     Stan  iard  thicknesses  ^"  and  \" . 
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JEWELL  BELTING   COMPANY 

Established  184S 
Main  Office,  Belt  Factory  and  Gem  Leather  Tannery 

HARTFORD,   CONN. 

Oak  Leather  Tannery,  Rome,  Ga.  Western  Branch,  167  W.  Lake  St.,  Chicago 

LEATHER  BELTING  AND  LACING 


Our  Tannery  is  located  in  the  heart  of  the  best  Oak  Bark  producing  section 
of  the  country.  Our  hides  are  all  selected  for  the  sole  purpose  of  making  them 
into  Belting  leather.  Our  plants  are  equipped  with  the  most  modern  up-to-date 
machinery  and  appliances;  especially  adapted  to  the  production  of  high-grade 
leather  and  belting  at  a  minimum  cost.  We  make  a  grade  of  belt  suitable  for 
any  class  of  work  from  the  heaviest  to  the  lightest.    Our  grades  follow: 

JEWELL  SPECIAL  PLANER  BELT 

Made  from  center  cuts  of  specially  selected  heaviest  oak  bark  tanned  hides; 
leather  specially  treated  for  the  work  it  has  to  do;  perfectly  balanced;  has  a 
maximum  of  strength  and  a  minimum  of  stretch  and  is  fully  guaranteed. 

JEWELL  EXTRA  BELT 

Made  of  center  cuts  of  heavy  oak  tanned  belting  butts  from  which  all  shoulder 
and  flank  stock  has  been  removed;  guaranteed  to  weigh  an  average  of  not  less 
than  16  ounces  to  the  square  foot;  especially  recommended  for  heavy  duty  and 
slow  speeds. 

JEWELL   HARTFORD  BELT 

Made  of  the  same  kind  and  cjuality  of  leather  as  the  Jewell  Extra,  like  it  in 
all  respects  except  thickness  or  weight;  guaranteed  to  weigh  an  average  of  not 
less  than  14  ounces  to  the  square  foot;  especially  recommended  for  small  pul- 
leys and  high  speeds. 

JEWELL   DYNAMO    BELT 

Always  made  in  douliles  from  specially  selected  pliable  oak  tanned  leather; 
perfectly  balanced  and  constructed  with  special  reference  to  the  work  it  would 
have  to  do  on  electrical  and  other  machinery  having  small  pulleys  running  at 
high  speeds. 

All  the  above  grades  are  fully  guaranteed  as  to  every  detail  of  material  and  work- 
manship. All  are  put  together  with  waterproof  cement  and  oil  dressed  at  special 
prices  upon  special  request. 

JEWELL  DIVER   BELT 

Made  of  the  very  best  selected  heavy  oak  tanned  leather,  put  together  with 
waterproof  cement  and  heavily  oil  dressed;  specially  recommended  for  heavy 
duty  and  where  there  is  more  or  less  dampness  and  steam. 

JEWELL   ROUND    BELTING 

We  are  the  largest  manufacturers  of  Round  Belting  in  the  world.  It  is  used 
on  sewing  machines  and  all  other  machinery  where  a  grooved  pulley  is  reciuired; 
for  bell  and  register  cord  in  street  cars.  Our  j)roduction  is  over  ten  million 
feet  annually.     It  is  made  in  all  sizes  from  3  s  J"<'h  to  y6  inch. 
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JEWELL  BELTING   COMPANY 


JEWELL    GEM    LEATHER 

rndouhtodly  llu>  most  remarkable  leather  i)r(Kluet  of  the  Twentieth  Cen- 
lurn;  tanned  by  a  special  process  which  produces  a  leather  that  isn't  injured 
by  the  action  of  hot  or  cold  water,  steam,  oil,  gas  and  many  acids. 


48-in.  3-ply  Gem  Belt  transmitting  up  to  1900  horse  power,  at  plant  of  Atlanta  Steel  Co., 
Atlanta,  Ga.  This  Belt  has  already  lasted  more  than  50  per  cent,  longer  than  the  best  oak 
tanned  belt  ever  used  on  this  drive  before. 

JEWELL    GEM    BELT 

The  Gem  leather  put  together  with  a  waterproof  cement  making  a  belt  that 
is  not  affected  by  steam,  gas,  water,  etc.,  as  above  stated,  and  in  addition  a  belt 
that  has  the  greatest  possible  pHability  combined  with  the  greatest  tensile  strength 
and  the  least  tendency  to  stretch.  It  will  slip  less  on  the  pulleys,  transmit  more 
power  per  inch  of  width  with  less  loss  of  power  than  any  belt  known.  The  illus- 
tration herewith  is  a  fair  sample  of  wdiat  it  will  do. 

GEM   BELT   LACING 

Made  both  in  sides  and  cut  lace;  the  strongest  and  most  economical  Belt 
Lacing  known. 

OTHER  JEWELL   PRODUCTS 

Other  Jewell  products  are  Agricultural  Belting,  Binder  Straps,  Trunk  Straps, 
Skate  Straps,  Fan  Belts,  Automobile  Leathers  such  as  Brake  Bands,  Clutch 
Facings,  Straps,  etc.,  Polishing  Leathers,  and 


POTTER'S  PATENT  BELT  HOOKS 


Jacki 


THE  DUFF  MANUFACTURING  CO. 

N.  s.  rrnsBiiu;,  v\.,  v.  s.  a. 

GENUINE  BARRETT  JACKS;  DUFF  BALL-BEARING  SCREW  JACKS;  DUFF-BETH- 
LEHEM FORGED  STEEL  HYDRAULIC  JACKS;  GEARED  RATCHET  LEVER  JACKS; 
AUTOMOBILE  JACKS;  TELESCOPE  SCREW  JACKS;  OIL  WELL  JACKS;  PIPE 
FORCING  JACKS;       MOTOR  ARMATURE  LIFTS,  ETC. 


BARRETT  TRACK  AND  AUTOMATIC  LOWERING  JACKS. 

are  made  both  .single  and  double  acting,  in  every  type 
and  size — for  every  purpose,  ranging  in  capacity'  from 
^4  to  20  tons. 

They  are  quick  acting,  positive  and  durable,  and 
will  operate  on  continuous  work  at  low  maintenancecost. 

They  comprise  the  most  popular  line  of  lifting  jacks 
in  the  world  and  are  recognized  as  the  standard  by 
all  leading  railroads. 

DUFF  BALL-BEARING  GEARED  SCREW  JACKS. 

Are  constructed  of  refined  malleable  iron  and  steel. 
All  gears  are  of  high  carbon  steel,  drop  forged,  and 
have  machine-cut  teeth. 

The  load  is  carried  on  a  hirge  ball  bearing  of  special 
design,    reducing    friction   to   an    absolute    minimum. 

The  thrust  on  the  bevel  pinion  is  taken  by  another 

anti-friction   bearing,   an   exclusive   feature.      Made   in 

all  sizes  and  capacities  ranging  from  10  tons  to  75  tons. 

Sectional  View 
THE    DUFF-BETHLEHEM    FORGED    STEEL    HYDRAULIC    JACKS 

Forged  entirely  out  of  steel — the  latest  and  highest 
development  in  Hydraulic  Jacks,  they  are  more 
powerful,  yet  from  .30  to  60%  lighter  than  any  other 
Hydraulic  .lacks. 

The  design  embodies  no  joints,  few  packings  and 
but  a  third  the  number  of  parts  of  other  jacks  of 
similar  type. 

These  jacks  cause  no  trouble,  are  used  at  any  angle, 
and  operate  at  low  cost  under  continuous  ser\'ice.  Sectional  View 

Made  in  101   sizes  and  capacities,  ranging  from  10  to  500  tons. 


COMPLETE  INFORMATION, 
Concerning  the  above  and  other  types  of  lifting  jacks  may  be    secured 
by  addressing  this  company. 
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THE  RAIL  JOINT  COMPANY 


CiEiNKRAL  OFFICES: 


185  MADISON  AVENUE, 


NEW  YORK  CITY 


Catalog  at  Agencies 
Boston,  Mass.  Pittsburg,  Pa. 

Ctiicago,  III.  Portlaiul,  Oregon 

Denver,  Colo.  St.  Louis,  Mo. 

Troy,  N.  Y. 


London,  E.  C,  Eng.         Montreal,  Can. 

MAKERS  OF  BASE-SUPPORTED   RAIL  JOINTS   FOR   STANDARD   AND    SPECIAL  RAIL 

SECTIONS,  ALSO  GIRDER,  STEP  OR  COMPROMISE,  FROG  AND  SWITCH, 

AND  INSULATED  RAIL  JOINTS,  PROTECTED  BY  PATENTS. 

Highest  Awards— Paris,  1900;  Buffalo,  1901;  St.  Louis,  1904. 


Continuous  Joint 


Weber  Joint 


Wolhaupter  Joint 


Continuous  Insulated  Joint 
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Best  (Quality 
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Weber  Insulated  Joint 
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MORGAN  -  GARDNER    ELECTRIC   CO. 


CHICAGO,  ILLINOIS 


ELECTRIC  MINE  LOCOMOTIVES; 


ELECTRIC  COAL  CUTTING  MACHINES; 
DRILLS. 


ELECTRIC 


Mine  J^ocoinotive;    5  tons  to  25  tons  weiftht ;    250  and  500  volts,  50  to  250  Horsepower. 

We  build  all  standard  sizes,  from  50  to  250  H.P.,  and  weights  from  5  to 
25  tons.  They  are  double  armature  type  with  four  (4)  driving  wheels 
and  flexible  base.  This  flexibility  makes  it  possible  for  the  wheels  to 
follow  the  rails  on  very  narrow  or  uneven  tracks. 

The  main  frame  is  made  all  in  one  piece  and  closed  across  the  bottom, 
which  prevents  the  dirt  and  mud  from  getting  up  into  the  working  parts. 
The  frame  also  comes  all  inside  between  the  drive  wheels,  which  allows 
it  to  run  in  entries  with  small  space  outside  of  the  rails,  where  an  outside 
framed  Locomotive  could  not  l)e  used. 

The  frame  at  each  end  is  higher  than  at  the  sides,  so  as  to  protect  the 
motorman  in  case  of  an  accident.  The  Motors  are  of  the  multipolar  type 
with  internal  fields,  and  completely  closed  in,  except  small  opening  at 
Commutator,  which  is  protected  by  a  cover,  thus  avoiding  any  danger  of 
slate,  or  any  substance  from  falling  into  the  Armatures. 

All  gears  are  made  from  cast  or  hammered  steel,  and  can  be  removed 
without  taking  the  Locomotive  apart.  The  Locomotive  is  provided  with 
controlling  lever,  reverse  lever,  sand  box  levers,  brake  levers  and  electric 
headlight  on  both  ends.  The  brakes  will  hold  the  wheels  dead  on  sanded 
track. 

The  Drive  Wheels  have  iron  centers  with  rolled  steel  tires. 

The  controller  is  of  best  magnetic  blowout  construction,  thoroughly 
insulated  throughout,  entirely  waterproof,  and  guaranteed  under  full 
current  to  show  rise  not  over  fifty  degrees  above  normal  temperature. 
Large  number  now  in  use.  Send  for  testimonials  and  prices.  Special 
sizes  and  designs  furnished.     Full  guarantee  Mith  each  Motor. 

TYPES   AND    RATING   DATA   MORGAN-GARDNER   STANDARD    MINE 

LOCOMOTIVES. 
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Electric  Mining  Equipment 


MORGAN  -  GARDNER   ELECTRIC   CO. 

COAL  CUTTING  MACHINES. 


Side  view  H.  H.  D.  Machine.    Undercut  5,  6  and  7  Feet. 
Equipped  with  "Keystone"  Chain  and  Self-propelling  Truck.    Wheels  differentiated  2  inches 
in  diameter  to  facilitate  loading  and  unloading. 

This  machine  weighs  2900  lbs.,  and  is  speeded  to  run  in  the  full  depth 
in  43^2  minutes  and  back  in  45  seconds.  This  speed  can  be  increased  to 
3Jx^  minutes,  and  30  seconds  backing  out,  according  to  quality  of  coal. 

Total  length  of  the  six-foot  cutting  machine  over  all  is  ten  feet.  Height 
is  29  inches  over  all.  Width  across  the  machine  at  cutter  head  is  42  inches 
over  the  chain,  and  45  inches  over  the  bits,  thus  giving  full  42-inch  cut 
and  alloAving  lap  into  previous  cuts.  The  width  across  the  frame  is  24 
inches;  this  enables  the  machine  to  be  loaded  on  truck  that  will  run  on 
2S-inch  gauge  of  track  without  making  special  truck — and  still  less  gauge 
b}'  making  special  truck. 

The  motor  is  of  the  Multipolar  type  with  internal  poles;  this  type  of 
motor  is  A'ery  compact  and  accessible. 

The  armature  is  of  the  toothed  gramme  ring  type,  with  the  coils  wound 
;n  slots  below  the  surface  of  the  armature,  thus  protecting  them  from 
danger  by  rough  usage.  The  field  coils  are  wound  on  spools  that  slip 
over  the  pole  pieces  and  can  readily  be  removed. 

The  gears  are  all  made  from  steel  with  teeth  cut  out  of  the  solid.  The 
fact  that  our  armatures  run  vertically  does  awaj-  with  the  bevel  gears  and 
greatly  simplifies  the  gearing;  all  gears  are  of  the  plain  spur  type,  and 
only  one  worm  wheel. 

We  use  the  least  number  of  gears  or  shafts  in  this  machine  that  are 
known  to  be  in  any  chain  machine  made  at  the  present  time.  The  chain 
is  of  the  up-down-and-center  link  style,  with  all  the  bits  straight  and  of 
the  same  length,  which  saves  time  in  dressing  and  replacing. 

Our  machines  are  so  con.structed  that  both  machine  runner  and  helper 
can  work  at  putting  in  bits  at  the  same  time.  There  are  48  bits  in  chain 
of  six-foot  undercut.  The  materials  used  in  construction  are  cast  and 
wrought  steel  throughout. 

We  use  the  least  amperes  of  current  per  width  of  cut  of  any  machine 
ouilt.  We  use  automatic  throwout,  both  in  front  and  back;  this  enables 
the  machine  to  make  full  length  cuts  without  danger  of  breaking  anything. 
Our  break  washer,  or  safety  washer,  adds  great  security  against  accidental 
bre::king. 

Speed  of  travel  of  chain  is  273  feet  per  minute.  Revolutions  of  armature 
per  minute  is  750.  The  Horse  Power  necessary  to  operate  this  machine 
varies  from  10  to  30,  according  to  the  character  of  the  coal  or  substance 
to  be  cut.  Our  holding  device  is  a  model  of  perfection.  These  machines 
are  offered  strictly  upon  their  merits,  and  we  invite  the  most  careful  and 
critical  examinations  and  tests.  We  build  them  for  250  or  500  volts.  Plain 
or  .self-propelling,  Avood  or  .steel  trucks. 


'Keystone  "  Chain  showing  Steel  "  Pick"  Point  Bits. 
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Electric   Cranes 


THE   ALLIANCE   MACHINE   CO. 

ENGINEERS    AND    BUILDERS 

ALLIANCE  OHIO 

STANDARD  ELECTRIC  CRANES,  ELECTRIC  STRIPPING  CRANES,  ELECTRIC  SOAKING 
PIT  CRANES,  ELECTRIC  LADLE  CRANES,  ELECTRIC  BUCKET  CRANES,  ELECTRIC 
CHARGING  MACHINES,  I-BEAM  HOISTS,  ORE  BRIDGES,  ROLLING  MILL  AND  HY- 
DRAULIC MACHINERY,  SCALE  CARS  AND  CHARGING  LARRIES,  COPPER  CONVERTING 
MACHINERY,  STEAM  HAMMERS,  HEAVY  PUNCHES  AND  SHEARS,  COKE  PLANT 
MACHINERY. 


Open  Hearth  Charging  Machine  and  Standard  Overhead  Traveling  Crane 


Billet  Charging  Machine.    Floor  Type 


I2000  lb.  Steam  Drop  Hammer 


24"  Electric  I-Beam  Shear 


86 


Electric   Cranes 


THE  ALLIANCE   MACHINE   CO. 


ELECTRIC  COKE  PUSHER  AND  LEVELER 

The  above  cut  illustrates  the  latest  type  of  combined  coke  pusher  and  leveler. 
All  our  pushers  are  of  the  all  steel  construction  as  this  is  absolutely  necessary 
for  the  hard  service  to  which  coke  push(»rs  are  subjected.  We  build  various  types 
of  pushers  to  suit  all  kinds  of  ovens.  We  also  buikl  hoists,  larries,  cars  and  of  her 
machinery  required  in  By-Product  Coke  Plants. 


MAGNET  GANTRY  CRANE  FOR  HANDLING  RAILS 

The  above  cut  shows  a  single  leg  gantry  crane  equipped  with  special  magnet 
for  loading  and  unloading  rails.  The  fir.-t  day  the  above  cranes  were  pvit  in 
service  at  the  plant  of  the  Maryland  Steel  Company  one  of  them  unloaded  a 
car  of  light  rails  in  five  minutes. 

A  traveling  crane  equipped  with  a  magnet  is  absolutely  the  most  economical 
way  to  handle  material  in  bulk  in  stock  yards  or  loading  or  unloading.  The 
crane  may  be  either  standard  traveling  crane,  single  or  double  leg  gantry  or 
cantilever  gantry,  depending  upon  the  conditions  existing,  and  we  will  be  glad 
to  recommend  the  most  suitable  type. 

Continued  on  next  page 


Electric   Cranes 


THE  ALLIANCE  MACHINE  CO. 

Continued  from  preceding  page 


150-TON  SEVEN  MOTOR  FOUR  GIRDER  LADLE  CRANE 

These  ladle  ci-anes  embody  distinctly  new  features,  being  provided  with 
four  separate  girders  secured  to  steel  end  carriages,  the  outer  pair  of 
girders  carries  the  main  trolley  and  the  inner  pair  of  girders  carries  the 
auxiliary  trolley,  thus  permitting  both  trolleys  to  be  mounted  on  the 
center  of  their  respective  girders  and  also  allowing  the  hoisting  ropes  to 
descend  inside  the  base  of  support  of  the  main  trolley.  The  crane  is  fully 
described  in  our  general  catalog. 


SIX-TON  ORE  BRIDGE 

Our  Ore  Bridges  are  designed  along  our  standard  gantry  crane  lines  and 
are  equipped  with  man  trolleys.  Trolleys  are  provided  with  two 
drums  driven  by  independent  motors  for  handling  the  grab  bucket. 
Squaring  shafts  across  the  bridge  for  the  purpose  of  keeping  it  at  all  times 
square  on  the  runway. 
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THE  BROWN   HOISTING  MACHINERY 

COMPANY 

CLEVELAND,  OHIO 

New  York:  50  Church  St.  Pittsburgh:  Frick  Bldg. 

Chicago:  Commercial  National  Bank  Bldg.  San  Francisco:  Monadnock  Bldg. 

Manufacturers  of 

BROWNHOIST  EQUIPMENT 


COAL  AND  ORE  HANDLING  MACHINERY— Bridge  tramways,  fast  plants, 
cant  ill' ver  cranes,  gantry  cranes,  furnace  hoists,  larries,  transfer  cars,  bins, 
car  tijjples,  and  pig  iron  breakers.  These  machines  are  designed  for  the 
rapiil  handhng  of  material  and  a  long  service.  They  are  installed  in  many 
parts  of  the  world. 

LOCOMOTIVE  CRANES  — Eight  and  four-wheel  and  for  any  gauge  track; 
:  pecdieKt  locomotive  crane  built;  equipped  with  M.  C.  B.  couplers,  standard 
trucks  and  fittings,  steam  brake,  all  steel  gears;  can  be  fitted  with  either 
block,  any  kind  of  bucket,  magnet  or  piledriver,  all  interchangeable  in  a 
short  time;  easily  operated;  fitted  with  steam  or  electric  power  or  with  an 
internal  combustion  engine. 

BUCKETS — Grab  buckets,  two  and  single  rope;  drag  line  buckets;  contractors' 
clam  shell  buckets;  slag  buckets,  and  tubs.  The  designs  of  these  buckets 
are  such  thej^  get  a  full  load  each  time  and  are  under  the  control  of  the 
operator  at  all  times.  The  best  of  material  is  used  throughout,  giving 
strength  and  durability  to  the  spades,  bearings,  and  digging  edges. 

TRAMRAIL  SYSTEMS  — These  systems  handle  all  the  material  overhead, 
reaching  every  floor  in  each  building  and  as  much  yard  space  as  desired. 
We  install  the  systems  complete  using  the  well-known  Brownhoi.-.t  trolleys, 
which  are  recognized  as  the  standard  trolleys.  Operated  by  electric  or  other 
power. 

ELECTRIC  HOISTS  — DC  and  AC.  Designed  especially  for  a  hard  service  at 
maxinuim  rated  capacity,  and  for  safety.  The  load  is  suspended  entirely 
from  steel  parts.  All  gears  are  enclosed  in  a  cast  iron  casing  which  contains 
a  large  supply  of  oil.    These  hoists  are  made  in  various  capacities. 

FREIGHT  HANDLING  EQUIPMENT.  This  includes  several  different  ma- 
cliines  designed  for  handling  the  freight  at  a  much  reduced  cost  over  tlie 
jjresent  methods.  The  freight  is  handled  overhead  from  car  to  sorting  plat- 
form, warehouse,  wagon  or  other  cars.  It  requires  just  a  few  men,  eliminates 
confusion  and  costly  mistakes,  and  increases  the  terminal  capacity. 

FERROINCLAVE.  A  patented  corrugated  sheet  steel  used  as  a  reinforcement 
for  concrete.  It  requires  no  forms  during  erection,  and  is  easily  laid  by  the 
workmen.  It  is  used  for  concrete  roofs,  floors,  bins,  walls,  partitions,  silos, 
bridges,  Stairs,  etc. 

We  also  make  overhead  travelling  cranes,  work-car  cranes,  jib  cranes,  pillar 
cranes,  bridge  cranes,  cableways,  crabs,  winches,  transfer  tables  and  water- 
closet  shields. 

Catalogs  and  prices  furnished  on  request 
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Porldhlc  Klevators 


BROWN  PORTABLE  ELEVATOR  CO. 

Head  Office:    10  So.  La  Salle  St.,  CHICAGO,  ILL. 

Factories  at  North  Chicago,  111.,  and  Portland   Oregon. 

MANUFACTURERS  OF  PORTABLE  ELEVATORS  AND  PILING  MACHINERY,  PORTABLE 
SECTIONAL  CONVEYORS,  AND  WAREHOUSE  EQUIPMENT. 


"Standard"  type  of  Brown  Portable  Elevator 
for  i>iling  Bags,  Bales,  Barrels,  Boxes  or  Bundles 
of  any  kind  to  any  height,  up  to  30  feet. 

Carrier  lowers  to  a  point  six  feet  above  floor. 

Capacity:    One   to  three   tons   per 
minute. 

Power:    Electric  Motor  or  Gasoline 
Engine  ;  2  to  5  H.P. 


In  use  for  piling: 

Barrels  of  sugar,  oil,  etc 

Boxes  of  merchandise 
Bundles  of  all  kinds 

Kegs  of  nails 
Rolls  of  wire 

Bales  of  cotton, 

hay,  straw,  etc. 
Sacks  of  grain, 

wool,    sugar, 

fertilizer,  etc. 
Railway  ties, 

shingles, 

etc.,  etc. 


"Standard"  Type  Elevator,  with  Gasoline  Engine 


GENERAL   DESCRIPTION 


The  Brown  Portable  Elevator  or  Tiering  Machine  consists  of  a,  frame  of  wood 
or  all-steel  construction,  accortiing  to  the  desire  of  the  purchaser  or  purpose  for 
which  the  machine  is  to  be  used;  an  adjustable  carrier  over  which  runs  an  endless 

series   of  carriages,  the  whole 


Dimensions  of  "Standard"  Type  Elevators 


Nunilier 

Elevntes 
Height  of 

Floor 
Space 

A].proxiinate  Weight.          | 

Electric  Power 

Gasoline  Power 

0 

12  ft. 

82x31  ins. 

900  lbs. 

1400  lbs. 

1 

U   " 

94.X31    " 

1000    " 

1500    " 

2 

16  " 

108x31    " 

1100    ■' 

1600    " 

3 

19    " 

129x31    " 

1400    " 

1800    " 

4 

21    " 

142x31    " 

1,300    " 

2100    " 

5 

24    " 

162x31    " 

1800    " 

2300    " 

6 

28    " 

190x31    " 

2000    " 

2500    " 

7 

30   " 

200x31    '■ 

2100    " 

2600    " 

mounted  on  easy  running 
ball-bearing  casters.  All  shafts 
turn  in  roller  bearings. 

The/raw;t'  is  well  built  to  give 
the  machine  stability  and  to 
support  the  weight  of  the  car- 
rier with  its  load  and  the  mo- 
tive power. 
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Portable  Elevators 


BROWN  PORTABLE  ELEVATOR  CO. 

CHICACO,  JLL. 


No.  S  "Combination"  tyi)(>  of  Tiering  Machine  and 
( "onvcyor,  for  piling  lu-avy  .'^acks  from  the  floor  to  any 
height;  for  conveying  packages  horizontally,  and  for 
loailiiig  and  unloading  cars  and  boats. 

Can   b(;   combined   with    Sectional 
Conveyors  to  carry  packages  to  any 

distance. 


Upper  carrier  adjustable 
by  easily  operatcnl  raising 
device. 


Motion  of  car- 
riages reversible  on 
all  machines. 


/ 


"Combination"  Type  Elevator,  with  Electric  Motor 

The  carrier  is  pivoted  to  the  frame  at  its  lower  end,  the  upper  end  being 
siipj)orted  and  adjusted  by  an  upright  framework  of  iron  piping  or  structural 
steel.  This  is  connected  by  a  steel  cable  on  each  side  of  the  carrier  to  a  (hand 
or  power)  raising  device  mounted  on  the  frame,  by  which  the  carrier  is  raised 
as  the  pile  increases  in  height.  The  carrying  width  is  made  to  conform  with 
tlu!  size  of  packages  handled.  The  carriages  are  designed  and  spaced  to  provide 
suitable  support  for  the  various  sizes,  shapes  and  widths  of  packages. 

In  ()p(>ration  the  packages  are  leaned  against  the  foot  of  the  carrier  or  placed 
on  the  carriages,  which  carry  them  to  the  top,  where  they  are  delivered,  waist- 
high,  to  men  standing  on  top  of  the  pile,  who  place  them  in  position. 

The  Brown  Portable  Elevator  represents  the  highest  development  of  mechanical 
pfficicncy  in  the  handling  of  packed  goods.  Machines  are  made  to  meet  any 
warehouse  or  mill  conditions,  and  effect  a  saving  of  50  to  80  per  cent,  of  the 
cost  of  piling  by  hand.  Lower  as  well  as  elevate;  no  complicated  mechanism; 
prevent  tearing  or  breaking  of  packages;  easily  moved  by  two  men;  reasonable 
in  cost,  and  built   for  long  service. 
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Elevat'nuj,   Conve\in<),  and  Poicer   Trdusmittintj  Machinery 


H.  W.  CALDWELL  k  SON  COMPANY 

CHICAGO,   ILLINOIS 

ELEVATING,  CONVEYING  AND  POWER  TRANSMITTING  MACHINERY,  MACfflNE 
MOLDED  AND  PATTERN  GEARS  1"  TO  6"  PITCH,  CAST  IRON  SEMI-STEEL 
AND  STEEL,  LINK  CHAIN  BELTING,  SPROCKET  WHEELS,  PULLEYS,  FLY  WHEELS, 
ROPE  DRIVES,  BEARINGS,  COUPLINGS,  FRICTION  CLUTCHES,  ETC. 

Catalogue   No.  34  contains  complete  lists 


HELICOID   CONVEYOR 


Sole  Manufacturers  of  "HELICOID  CONVEYOR. 

Made  of  one  Continuous  Strip  of  metal  without  lap  or  rivet. 

Mounted  on  standard  and  extra  heavy  pipe  or  solid  shaft. 


LIST  OF  SIZES  WITH  DIMENSIONS 
Standard  Gauge  Helicoid  on  regular  size  pipo 


Inside  Diameter 

Outside  Diameter 

Diameter 

Lengths ,  Feet 

Couplings,  Inches 

of  Hollow 
Shaft,  Inches 

ot  Hollow 
Shaft,  Inches 

3 

4 

8 

1 

u 

1| 

5 

8 

li 

If 

6 

10 

\  ^ 

U 

2  J 

7 

10 

li 

li 

2J 

8 

10 

U 

2 

2i 

9 

10 

U 

2 

2j 

9  Sp'cl 

10 

2 

2\ 

2} 

10 

10 

u 

2 

2| 

12 

12 

2 

2^ 

2} 

12  Sp'cl 

12 

2iV 

3 

3i 

14 

12 

^h 

3 

3i 

16 

12 

3 

3^ 

4 

GEARS 

"CALDWELL-WALKER" 

SPUR        BEVEL 

MITER  MORTISE  WHEELS 

WORMS  AND    WORM   WHEELS 

1"  ^JX)  (>"  PITCH— CAST  IRON— 

SEMI-STEEL— STEEL— BRONZE 

MACHINE  MOLDED  OR 

MACHINE  CUT  TEETH 


\yi 


Tloisling  Ent/incs  and  Derricks 


CLYDE    IRON    WORKS 

29th  AVKNUE,  WEST,  AND  MICHIGAN  ST. 
DULUTH,   MINN. 


HOISTING  ENGINES,   DERRICKS  AND  DERRICK  FITTINGS,  ELECTRIC  HOISTS 
BELT  DRIVEN  HOISTS,  AUTOMATIC  BUCKETS 


CLYDE  HOISTING  ENGINES  AND  BOILERS 

Our  product  is  used  for  all  kinds  of  Contractor's  work,  Dredging,  Pile 
Driving,  Railroad  and  Bridge  Building,  Quarries  and  general  hoisting  pur- 
poses. We  also  make  a  specialty  of  engines  for  skidding  and  loading  logs, 
and  for  general  logging  operations. 

All  our  engines  are  thoroughly  tested  under  steam  as  well  as  by  the 
usual  hydrostatic  test.  All  parts  are  made  from  standard  jigs  and  templates 
and  arc  absolutely  interchangeable. 

ONE,  TWO,  THREE,  AND  FOUR  DRUM  HOISTING  ENGINES 

In  our  fifty-six  page  catalog  we  illustrate  the  various  types  of  our  stand- 
ard engines  with  single  or  multiple  drums,  and  single  or  double  eylinders. 
These  hoisting  engines  are  regularly  built  with  or  without  boiler,  winch  and 
sheave  heads,  and  reversing  gear. 

DERRICKS  AND  DERRICK  FITTINGS 

In  our  special  Derrick  Catalog  D,  we  illustrate  and  list  a  complete  line 
of  timber  derricks  and  fittings.  All  usual  conditions  can  be  met  with  some 
one  of  our  standard  styles,  but  we  are  prepared  to  build  derricks  for  any 
special  conditions  that  may  arise.  For  this  purpose  we  maintain  a  force  of 
draftsmen  and  engineers  who  are  specialists  in  this  line,  and  their  experience 
of  many  years  is  at  the  disposal  of  our  customers. 

Clyde  Derricks  are  designed  with  great  care  to  withstand  violent  strains. 
Every  possible  point  of  weakness  both  in  the  fittings  and  in  their  action  on 
the  timbers,  has  been  guarded  against  and  we  claim  our  fittings  to  be  the 
strongest  on  the  market  for  the  size  of  timbers  for  which  they  are  intended. 

Following  is  a  partial  list  of  our  standard  styles  of  derricks: 
Standard  Guy  Derricks  Hand  Power  Stiff  Leg  Derricks 

Half  Hand  Power  Guy  Derricks  Clam  Shell  Stiff  Leg  Derricks 

Hand  Power  Guy  Derricks  Full  Circle  Stiff  Leg  Derricks 

Clam  Shell  Guy  Derricks  Self-Propelling  Derrick  Cars 

Standard  Stiff  Leg  Derricks  Self-Contained  Portable  Derricks 

Half  Hand  Power  Stiff  Leg  Derricks 

We  also  manufacture  Automatic  Clam  Shell,  and  Orange  Peel  Grab  Buck- 
ets, and  the  Clyde  Self  Dumping  Bucket.     Catalogs  on  request. 
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Belt  Conveyors,   Conveying   Weighers 


THE  CONVEYING  WEIGHER  CO. 

!»()  WEST  STRKF/r,   NKW  YORK,  N.  Y. 

BALL  BEARING  BELT  CONVEYORS,  CONTINUOUS  AUTOMATIC  SCALES  FOR 
BELT  AND  OTHER  CONVEYORS,  CONVEYING  AND  HOISTING  MACHINERY, 
COMPLETE  MATERIAL  HANDLING  PLANTS,  TRUMP  MEASURING  AND  MIXING 
MACHINES,  TRUMP  CONCRETE  MIXERS,  PEAT  DIGGING,  AND  SCRAPING 
MACHINERY. 


"Conweigh"  Ball  Bearing,  troughing,  and  return 
idlers  for  belt  conveyors  (patents  pending) 


BALL  BEARING  BELT 
CONVEYORS 

We  illustrate  herewith  the  con- 
struction of  ball  bearing  troughing 
and  return  idlers  for  belt  convey- 
ors. It  is  guaranteed  that  if  a 
belt  conveyor  running  level  be 
equipped  with  these  idlers,  there 
will  be  a  saving  of  40%  in  power 
required.  These  idlers  having 
felt  oil-retaining  washers  need  to 
be  lubricated  only  once  in  two 
years. 

A  Hardened  steel  "Cone/ 'fit ted 
on  turned  steel  shaft 

B  Pressed  steel  "Ball  Retainer" 

C  Turned  steel  shaft,  set  screwed 
in  Idler  brackets 

D  Oiled  washer  of  felt  or  carded 
wool 

E  Hardened  steel  "Plug," 
screwed  into  pulley  bub 

F  Brass  plug  for  lubrication 

G  Look  screw  to  jirevent  hardened  plug  from  turning 


THE  MERRICK  CONVEYING  WEIGHER 

This  device  records  the  weight  of  material  handletl  on  belt  conveyors, 
bucket  conveyors,  cable  railways  and  over  head  trolleys  or  telphers.  The 
weigher  consists  of  a  pair  of  weighing  levers  and  a  steelyard  of  special 
design  so  that  a  short  section  of  the  conveyor  can  be  suspended  from 
the  weighing  levers.  The  extreme  end  of  the  steelyard  is  connected 
with  a   totalizing   mechanical    integrator   which   derives  its  other  factor 

from  the  tra\cl  of 
the  conveyor  bymeans 
of  suitable  gearing 
from  a  bend  pulley  on 
the  return  belt,  or  a 
sprocket  wheel  if  on  a 
bucket  conveyor.  This 
integrator  continu- 
ously totalizes  the 
product  of  two  quan- 
tities,  one  propor- 
tional to  the  weight  of 
material  suspended 
and  the  other  to  the 
travel  of  this  material. 
The  result  therefore 
represents  the  total 
weight  of  niaterial  and 
is  plainly  indicated  by 
View  of  Belt  Conveyor.      Front  Sheet  of  Casing  Removed.  a  register. 
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Coal  Storage  Plants 


THE  J.  M.  DODCxE  COMPANY 

NICETOWN  STA.,  T.  ^:  R.  HAII.WAY 
PHILADELPHIA,   PA. 

THE  DODGE  SYSTEM  OF  STORING  ANTHRACITE  COAL,  LONG  RADIUS  RE- 
VOLVING CRANES,  BRIDGE  TRAMWAYS,  DIRECT  UNLOADERS,  SMITH  BOX  CAR 
LOADERS,  COAL  CHUTES,  ENDLESS  CABLE  HAULS  FOR  RAILROAD  CARS,  TEL- 
PHERAGE, DESIGNERS  AND  BUILDERS .  OF  LOCOMOTIVE  COALING  STATIONS 
AND  RETAIL  COAL  POCKETS    IN  WOOD    STEEL   AND   REINFORCED  CONCRETE. 

HANDLE  COMPLETE  CONTRACTS: 
FOUNDATIONS,  BUILDINGS,  AND  MACHINERY 


THE  DODGE  SYSTEM 

(Patented) 

OF  STORING 
ANTHRACITE  COAL 

Capacity  of  piles  from  15000 
to  60000  tons.  Two  trim- 
mingmachines  and  one  reload- 
machine  between  piles  con- 
stitute one  group.  Its  effec- 
tiveness is  due  to  simplicity 
of  design,  mechanical  effici- 
ency, minimum  breakage,  and 
low  cost  of  handling. 


BRIDGE  TRAMWAYS  AND 
DIRECT   UNLOADERS 

Complete  installations  of 
all  types  of  Bridge  Tramways 
and  Direct  Unloaders  for 
high  speed  operation  and  max- 
imum efficiency.  Special 
attention  given  to  the  hand- 
ling, storing  and  preparation 
of  coal  on  docks. 


LONG  RADIUS  REVOLVING  CRANES 
FOR  CIRCULAR  STORAGE  AND 
COALING  STATIONS  (PATENTED) 

Suitable  for  storage  capacities  from 
GOOO  to  40000  tons,  and  handling  capacities 
from  40  to  200  tons  per  hour.  This  is  the 
cheapest  storage  system  for  large  bodies 
of  bituminous  coal  or  crushed  stone,  and 
combines  low  cost  of  handling  with  low 
investment  cost.  The  crane  can  also  be 
used  for  filling  an  elevated  pocket  for  coal- 
ing locomotives,  or  for  retail  trade. 

TELPHERAGE  FOR  FREIGHT  HAND- 
LING 

Runs  on  top  of  mono-rail,  permitting 
safest  and  simplest  design  of  trolleys, 
combined  with  flexibility  and  smooth  run- 
ning at  high  speeds.  Especially  adapted 
for  handling  freight  in  railroad  terminals 
and  steamship  piers.  Special  attention 
given  to  these  problems. 
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Elevating  and   Conveying  Machinery 


GIFFORD-WOOD  CO. 

)ST()N,  MASS.  HUDSON,  N.  Y.  Chicago,  ill 

ELEVATING    AND    CONVEYING    MACHINERY 
ICE   TOOLS 


Model  Coal  Pocket 


Arrangement  of  Machinery 


% 


.IIIIIIMI      Yl 

k4 


Ice  Elevator 


Belt  Conveyors 


Gis  Elevator  and  Lowering  Machine  Automatic  Lowering  Machine 

Send  for  Catalogs  and  other  information  desired 
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Hoisting  Engines 


HARDIE-TYNES  MANUFACTURING  CO. 

BIiailNOIIAM,  ALA. 

HOISTING  ENGINES,  CORLISS  ENGINES,  AUTOMATIC  ENGINES,  SLIDE  VALVE 
ENGINES,  AIR  COMPRESSORS,  SPECIAL  MACHINERY,  HEAVY  CASTINGS. 


STEAM  HOISTING  ENGINES 

First  Motion  Type 
Built  in  all  .sizes  up  1o  and  in- 
cluding 34x00  in.  cj'lindcr.s.  Single 
or  double  drum.  Band  frictions. 
Link  reverse.  .Steam  auxiliaries 
or  luind  control. 


STEAM   HOISTING    ENGINES 

Geared  Type 
llxl-i  in.  cylinders  to  18x24  in. 
C3'linders.  Single  or  double  drums. 
Band  or  "V"  frictions.  Link  re- 
verse. These  Hoists,  like  our 
First  Motion  Machines,  are  built 
for  hard  and  continuous  service. 
The  smaller  sizes  are  excellent 
hoi.sts  for  development  operations. 


ELECTRIC  HOISTING  ENGINES 
Band  Friction  Type 

All  sizes  from  30  to  2,000  h.p. 
Single  or  double  drums.  Air  op- 
erated auxiliaries  or  hand  control. 
Built  for  heavy   mining  service. 


ELECTRIC  HOISTING  ENGINES 

"V"  Friction  Type 
All  sizes  from  30  to  L50h.p.  Single 
or  double  drums. 


Engines  for  Endless  Rope  Haulage 
Equipment  for  Gravity  Tramways 
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Locomotive  and  Wrecking   Cranes 


INDUSTRIAL    WORKS 

]UY  CITY,  \IIVI\. 

WRECKING  CRANES,  LOCOMOTIVE  CRANES,  DRAG  LINE  EXCAVATORS,  PILE 
DRIVERS,  TRANSFER  TABLES,  PILLAR  CRANES,  HAND  POWER  DERRICKS,  GRAB 
BUCKETS,  LIFTING  MAGNETS,  ETC. 


Wrecking  Crane,  capacity  120  tons  at  17  ft.  radius 

Industrial  Works  cranes  are  built  in  all  sizes  from  1  to  150  tons  capacity 
on  the  main  hoist.  Locomotive  and  Wrecking  Cranes  from  5  to  150  tons  capac- 
ity may  be  self-propelling  or  non-propelling  as  desired.  On  this  crane  are 
three  hoisting  motions,  main  hoist,  auxiliary  hoist,  and  jil)  hoist.  These  are 
entirely  indejicndent  of  each  other;  are  provided  with  independent  brakes  and 
operated  by  independent  trains  of  cut  steel  gearing  so  that  changes  from  one 
motion  to  the  other  are  made  with  ease,  and  all  parts  are  open  and  accessible. 

In  none  of  the  three  motions  is  any  use  made  of  ratchets  for  holding  suspended 
loads,  either  during  operation  or  during  transfer  from  one  motion  to  the  other. 
These  functions  are  performed  by  powerfid  brakes  and  self-locking  worm  wheels 
which  enable  the  operator  to  use  the  motions  with  rapidity  and  safety. 

Stability  is  provided  by  a  system  of  telescopic  out-riggers,  all  of  which  are 
self-contained   within  the   car  liodv. 


Locomotive  Crane  for  yard  and  road  service 

When  desired  any  of  our  cranes  may  be  ecjuipped  with  an  au.xiliary  drum 
and  connections  for  operating  a  Grab  Bucket;  also  complete  equipment  for 
operating  Lifting  Magnet. 

Detailed  specifications  and  full  ])articulars  furnished  on  application. 
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Ih'll    (iOn-iwyors 


ROBINS  CONVEYING  BELT  CO. 


PARK  ROW  lU^lLDING,  NEW  YORK 


Cliioago 


Sun  Fnim-isco 
WORKS:    PASSAIC,  N..I. 


Spokane 


CONVEYING,  ELEVATING,  AND  HOISTING  MACHINERY 


P"or  Handling  . 

Coal 

Concrete 

Sand                         Earth 

Coke 

Rock 

Gravel                    Cement 

Ores 

Phosphate 

Chips                        Ashes 

Boxes 

Barrels 

Packages 


Trunks 
Dishes 
Bags 


ROBINS  STANDARD  AND  ADJUSTABLE  COAL  AND  COKE  CRUSHERS 


The  most  important  elements  of  a  Belt  Conveyor  are  the  Idlers  and  the  Belt, 
^ince  on  these  depends  its  proper  operation  as  well  as  the  cost  of  handling.  The 
Robins  Patent  5-shaft  Troughing  Idlers,  shown  above,  are  universally  accepted 
as  the  Standard,  being  the  only  ones  which  embody  the  following  important 
principles  of  design: 

(1)  All  the  pulleys  are  in  the  same  vertical  plane.  (2)  They  have  continuous 
hollow-tube  grease-lubrication  from  end  to  end.  (3)  The  profile  of  the  idler 
nearly  ai)proaches  the  arc  of  a  circle,  preventing  sharp  bends  in  the  belt.  (4) 
The  idlers  are  adjustable  for  properly  training  the  belt.  They  are  made  in  all 
sizes  from  12"  to  60". 


•^ 


^4.i^^»jj;^ya»mi^a.tjMi»M.«H^^ 


The  Robins  Patent  Reinforced  Conveyor  Belt,  shown  above,  has  been  one  of 
the  chief  factors  of  the  success  of  the  Robins  System.  Sixteen  years  of  hard  trial, 
luider  all  kinds  of  conditions,  have  demonstrated  that  it  is  stronger,  runs  truer, 
and  gives  a  greater  return  for  the  money  than  any  other  belt  on  the  market. 
This  is  due  to  the  following  peculiarities  of  construction: 

(1)  The  rubber  cover  is  thickened  in  the  center  only,  irhere  the  wear  is  greate.-<t. 

(2)  The  edges  are  reinforced  by  extra  plies  of  duck,  increasing  the  strength  and 
making  the  belt  self-supporting  between  idler  sets. 

(.3)  Being  very  flexible  laterally  it  conforms  closely  to  the  shape  of  the  idlers, 
and  therefore  runs  true  even  when  empty,  ^^'ith  this  belt  no  guide  idlers  are 
required. 

(4)  An  extra  ply  of  special  coarse  fibre  embedded  in  the  cover  and  extending 
around  the  edges  enormously  increases  the  resistance  of  the  cover,  and  also  the 
adhesion  between  the  cover  and  the  body. 

The  Robins  Monthly  Bulletin,  containing  valuable  conveying  engineering  data, 
is  gladh'  sent  to  all  interested  persons. 
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Conveyors 


C.  W.  HUNT  COMPANY 

WEST  NEW  BRIGHTON,  STATEN  ISLAND,  NEW  YORK 

New  York  City  OfSce,  45  Broadway 


THE  HUNT  NOISELESS  GRAVITY  CONVEYOR,  HOISTING  AND  CONVEYING  MA- 
CHINERY, CABLE  AND  AUTOMATIC  RAILWAYS,  STEEPLE  TOWERS,  TUB  ELEVA- 
TORS, SKIP  HOISTS,  ELECTRIC  LOCOMOTIVES,  MOTOR  CARS,  INDUSTRIAL 
RAILWAY  EQUIPMENT,  TRANSMISSION  AND  HOISTING  ROPE. 


Distinctive  Features  of  the 
HUNT  NOISELESS  GRAVITY  CONVEYOR 

The  Hunt   Noiseless  Gravity  Conveyor  consists 

of   a  series  of   independent   buckets  free  to  swing 

and   dump   in   either   direction.     The  buckets  hang 

upright  in  all  ])ositions  of  the  chain,  consequently 

the  chain  can  run  in  any  direction  and  dry  or  liquid 

material  may  be  carried  without  spilling. 

The  whole  machinery  is  carried  on    wheels    and   every    part    is  thoroughly 

lubricated.     Change   of    direction    of    the   chain    is    accomplished    by    nmning 

around  revolving  curves.    As  shown,  these  have  large  bearings  so  that  frictional 

loss  and  wear  on  the  chain  at  these  points  is  reduced  to  a  negligible  quantity. 

Motion  is  transmitted  to  the  conveyor 
chain  by  an  independent  pawl  driver.  The 
contact  from  the  driving  pawl  is  made  on  a 
stud  rivetted  between  the  chain  links.  This 
relieves  the  conveyor  wheels  of  the  driving 
stress  and  transmits  a  uniform  and  even 
motion  to  the  chain.  The  conveyor  driver 
can  be  placed  at  any  convenient  point  on 
the  horizontal  line  of  the  conveyor. 

Either  a  steam  engine  which  we  design  for 
this  i^urpose  or  an  electric  motor  may  be  used 
for  power. 

Several  methods  of  filling  are  practical. 
Our  spout  filler  fills  each  bucket  completely 
as  the  bucket  passes  underneath  it,  and  also 
prevents  the  dropping  of  material  between 
the  conveyor  buckets  or  on  the  chain  or  the 
wheel  bearings.  Our  rotary  or  measuring 
filler  measures  out  and  deposits  a  fixed 
amount  of  material  in  each  passing  bucket. 
Either  type  of  filler  can  be  easily  moved  to 
any  receiving  point  on  the  line  of  the  conveyor. 
This  conveyor  is  thoroughly  strong  in  every 
part,  with  large  bearing  surfaces  and  with 
convenient  oiling  arrangements.  The  ma- 
terials and  workmanship  are  excellent  in  every 
respect.     The  chain  is  made  of  open  hearth 

^,  steel  and  the  axles  of  special  machinery  steel. 

The  patented  filler  fills  every  bucket  -.tt  •       c  •   i  i 

without  spilling  Write  tor  special  catalog. 


The  driving  apparatus  may  be  placed 
at  any  point  along  the  line 
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Coal  Handlinq  Machiner'); 


C.  W.  HUNT  COMPANY 

WEST  NEW  BRIGHTON,  NEW  YORK 


HUNT  STEEPLE   TOWERS 

are  designed  to  be  openited  by  one  vn- 
ginecr.  One  engine  is  recjuired  for 
hoisting  the  steam  shovel  and  anotlier 
for  running  the  trolley  on  the  booms. 
(Ireut  speed  makes  these  outfits  es- 
pecially suited  to  rapid  unloading  of 
vessels.  The  projecting  booms  ar(> 
usually  hinged  to  swing  horizontally 
over  the  wharf.  Where  cbst ructions 
such  as  the  rigging  of  vessels  interfere, 
the  booms  can  fold  up  in  a  vertical 
l)lane.  Capacity  of  buckets  ranges 
from  A  to  2'  tons. 


HUNT  TRANSPORTING  BRIDGES 

are  adapted  to  the  storage  and  re- 
claiming of  coal  over  large  areas.  The 
one  shown  has  a  four-drum  equalizing 
engine  and  operates  with  grab  buckets 
at  a  capacity  of  120  tons  per  hour. 
Furnished  in  capacities  up  to  600  tons 
per  hour. 


INCLINED  BOOM  HOISTING 
ELEVATORS 

are  for  rapid  and  economical  hoisting 
of  materials  from  vessels.  The  bucket, 
whether  large  or  small,  is  carried  from 
the  hold  of  the  vessel  to  the  dumping 
place  every  trip  in  exactly  the  same 
course,  and  at  any  rapidity  demanded. 
The  bucket  is  carried  exactly  where 
wanted,  rising  vertically  from  the  hold 
to  the  boom,  running  up  the  boom, 
and  dumping  at  a  fixed  place. 

These  elevators  are  proportioned  to 
suit  the  work  and  for  use  either  with 
tubs  or  grab  buckets.  The  lighter  size 
is  especially  adapted  for  coal  or  ore 
hoisting,  using  any  size  bucket  up  to 
one-ton  capacity. 


HUNT  MOTOR  CARS 
Self-Dumping 

made  in  many  types,  capacities  up  to 
10  tons,  and  are  equipped  with  motors 
and  overhead  trolleys  or  shoes  for  third 
rail  as  desired.  Suitable  for  transport- 
ing coal,  fertilizer  materials,  ores,  and 
other  bulk  materials. 

Catalogs  on  request. 


Lm 

Hunt  Steeple  Towers 


Hunt  Motor  Cars 
.Self-Dumping 
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Pneutnatic   Tubes,  Selective   Carriers 


THE  LAMSON  COMPANY 

BOSTON,   MASS.,    U.  S.  A. 

PNEUMATIC  TUBES— CASH,  PARCEL,  MESSAGE,  AND  MAIL  CARRIERS;  AUTO- 
MATIC, SWEEP-OFF,  PICKUP  AND  SELECTIVE  CARRIERS;  BELT  CONVEYORS, 
TRAY  CONVEYORS,  SMALL   LIFTS,  ELEVATORS,  ETC. 


PNEUMATIC 
DESPATCH  TUBES 

Designed  and  i.istalled 
for  all  Office,  Factory, 
Warehouse,  Postal  or 
Store  Service  require- 
ments. Vacuum,  Pres- 
sure, Vacuo-Pr  essure, 
Unit,  ''Two-way,"  Shift- 
ing C'Urrent  or  ''Steam- 
jet"  types  in  sizes  of 
tubes  ranging  from  2,\  in. 
to  8  in.  diameter.  Latest 
Power-saving  inventions. 
Over  50,000  stations  of 
Lamson  Tubes  in  use. 

FOOT  POWER 
PNEUMATIC    TUBES 

No  power  plant  re- 
quired, operated  by  foot 
pressure.  Efficient  for 
lines  up  to  200  feet  in 
length.  Speaking  tube 
attachments  at  small 
additional  cost. 

Sizes  2^  and  3  inch 
O.  D. 


SELECTIVE  CARRIERS 

Entirely  automatic — 
pick  up  a  load  at  any 
point  and  deliver  it  at 
any  desired  station. 

Made  in  any  size  to 
meet  requirements -from 
carrying  single  sheets  of 
paper  to  heavy  bags  of 
mail. 


Desk  Station  4"  Mail  Tubes  in  Private  Office 


Carrying  Documents  Between  Buildings 


Automatic  Mail  Bag  Carriers 
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Automatic   Carriers,  Belt   Conveyors 


THE  LAMSON  COMPANY 


AUTOMATIC   SWEEP-OFF  AND 
DELIVERY  CARRIERS 

Constantly  moving  Baskets 
traveling  on  circuit  lines  and 
arranged  to  Sweep  off  Mail,  Docu- 
ments or  Parcels  from  shelves  and 
dump  them  into  receiving  chutes 
at  required  Receiving  Stations. 
Made  in  Standard  sizes  as  used 
by  U.  S.  and  Foreign  Post  Offices, 
or  to  Specifications. 

LAMSON 
BELT  AND  TRAY  CONVEYORS 

All  sizes  for  all  conditions  of 
Mail,  Meichandise  or  Parcel  Car- 
rying. Special  Conveyor  Belts  to 
cany  Trays  are  built  with  Arrest- 
ing Stations  by  which  a  constant 
supply  of  material  is  automatic- 
ally maintained  at  each  Station. 
Particular  attention  to  complete 
Belt  Conveyor  Systems  for  as- 
sembly of  "Dehvery"  and  "Trans- 
fer" Parcels  in  large  Department 
Stores. 


Lamson  Sweep-off  and  Dump  Carriers  for 
Post  Office  Work 


Store  Service  Belt  Conveyor  and  Chute 
Showing  Self-closing  Fire  Door 


SPECIAL   CONVEYORS 

Made  to  meet  any  demand  for  assembly 
and  distribution  of  Mail  or  Merchandise 
within  or  between  buildings. 

Plans  and  Estimates  Free. 


PICK-UP  AND   DELIVERY  CARRIERS 

Constantly  moving  metal  "fingers"  that 
noiselessly  pick  up  documents  or  small 
articles  from  one  tray  or  station  and  deliver 
them  at  another  as  de.sired.  Made  in  stand- 
ard sizes  to  meet  special  requirements. 


Representatives  in  all  Principdl  Cities. 


m 

1  y^ 

w^A 

HI    LL,  k'i 

H  ii: 

Will  pick  up  at  any  station  and 
deliver  at  any  other  station 
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Conveyors 


STEPHENS-ADAMSON  MFG.  CO. 

AURORA,  ILLINOIS 

CHICACK),     NEW  YORK,     PITTSBURG,    PORTLAND,     ST.  LOUIS, 
SAN  FRANCISCO,     LOS  ANGELES,     BIRMINC,IIA?sI. 

CONVEYING,  SCREENING,  AND  TRANSMISSION  MACHINERY 


S-A  Ball  Bearing  Unit  Carriers  The  Single  Unit 


S-A  BELT  CONVEYORS 

We  are  primarily  con- 
veying engineers,  and  our 
equipment  is  designed  and 
manufactured  to  meet  all 
special  requirements.  A 
most  important  feature  of 
an  economical  conveyor 
system  is  the  carrier.  We 
present  two  types. 

THE  "  S-A  "  BALL 
BEARING    UNIT    CAR- 
RIER 

This  Unit  Carrier  has  been  developed  to  meet  a  consistent  demand  for  an  all 
steel  ball  bearing  carrier  with  the  obvious  advantages  of  a  carrier  of  this  type. 
The  single  unit  is  the  basis  of  its  construction.  Two,  three,  four  or  five  of  the.>-e 
Units  may  be  combined  to  form  a  carrier  of  any  width  with  the  rolls  arranged 
to  suit  any  conditions.  It  is  more  easily  ada[)te(l  to  different  conditions  than 
any  carrier  on  the  market.  The  troughers  are  adjustable  to  any  angle  and  by 
means  of  additional  units,  the  carrier  may  be  easily  and  inexpensively  enlarged 
to  increase  the  capacity  The  Units  may  be  carried  in  stock  as  repair  parts, 
the  same  as  elevator  buckets,  etc. 

STYLE  No.  9  CARRIER 

This  carrier  has  direct  lubrication 
from  grease  cups  to  well-babbited 
bearings  outside  the  conveyor  beh. 
Thousands  of  these  carriers  have 
been  manufactured  and  shijiped  to 
all  parts  of  the  world.  Many  miles 
of  conveyors  are  operating  on  these 
carriers  and  hundreds  of  large  con- 
veyor users  have  adopted  them  as  style  No.  9  Carrier 
standard.  The  bearings  are  abso-  ,  ,  ,  , .  „  1  1 
lutely  dustproof  and  wear  for  years.  Theu-  strength  has  been  etiual  to  all  demands. 

THE  "  S-A  "  IMPROVED  PIVOTED  BUCKET  CARRIER 

The  Power  Plant  Conveyor 

For  handling  coal  and  ashes  in 
power  plants,  for  handling  cement 
clinker,  etc. 

No  Spin.  The  lips  of  the  buckets 
overlap  perfectly,  so  that  no  particles 
of  the  material  are  spilled  in  transit. 

Perfect  Discharge.  Each  bucket 
turns  completely  ov(>r  at  the  tripper, 
loosening  sticky  material  and  empty- 
ing the  last  particles  of  dust  or  grit. 

Malleable   Iron   Buckets.     The   buckets  are  not  affected  by  temperature. 
Grit  cannot  wear  the  buckets  or  get  into  the  bearings. 

Perfect  Alignment.     The  supporting  shaft  of  each  bucket   passes   thru   both 
linksof  each  chain  and  holds  the  chains  in  their  proi)er  upright  position. 


S-A  Improved  Pivoted  Bucket  Carrier 


104 


Gravel  Washing  and  Rock   Crushing  Equipment' 


STEPIIENS-ADAMSON  MFG.  CO. 


72-inch  "S-A" 
Jumbo  Conveyor 


GRAVEL  WASHING  AND  ROCK  CRUSHING 
EQUIPMENT 

We  luivc!  (li'sigiiod  iind  equipped  liundred.s  of  these 
plants — commercially  successful — in  all  jiarts  of  the 
country.  The  stc(>l  pan  conveyor  illustrated  h(>re,  which 
is  the  largest  ever  built,  is  handling  crushed  stone  in  the 
l)lant  of  the  Tondvins  Cove  Stone  Company.  It  handles 
a  capacity  of  1, ()()()  tons  per  hour  up  an  inchne  of  45 
degrees.  The  steel  buckets  are  six  f(>(>t  in  length  and  are 
supported  by  graphite-bushed  self -lubricating  steel  rollers 
connected  by  double  steel  bar  link  chains.  Many  of 
our  large  conveyors  of  this  type  are  in  use  throughout 
the  country. 

"S-A"  STEEL  PAN  CONVEYORS 

To  meet  the  increasing  demand  for 
conveyors  of  large  capacity  and  reli- 
ability, we  build  several  types  of  steel 
pan  conveyors.  These  conveyors  are 
absolutely  reliable  and  produce  high 
conveying  economy. 


"  S-A"  Steel  Pan  Conveyor 


PROTECTED  SCREW  TAKE-UPS 

This  style  of  take-up  has  a  standard 
bearing  mounted  on  a  steel  angle  base. 
The  angle  protects  the  screw,  brings 
the  bearing  lower  and  makes  a  more 
powerful  and  compact  take-up  than 
any  other  type. 


"S-A"  REVOLVING  SCREENS 

This  type  of  revolving  screen  is  de- 
signed for  the  severest  crushing  plant 
service.  We  also  make  many  tj'pes 
of  screens  for  lighter  service. 

"S-A"  IMPROVED  GILBERT 
SCREEN 

The  standard  screen  for  washing 
sand  and  gravel.  The  inner  skirt 
takes  the  greatest  wear  and^  triples 
the  life  of  the  outer  screen. 


"S-A"  Improved  Gilbert  Screen 


OUR  MANUFACTURES  AS  ILLUSTRATED  IN  OUR  GENERAL 
CATALOG  INCLUDE  THE  FOLLOWING  LINES 


Bearings 

Belt  Conveyors  for  all  applica- 
tions 

Brushes,  Revolving,  for  con- 
veyors 

Buckets,  Elevator,  steel  and 
malleable 

Cars 

Car  Hauls 

Car  Pullers  and  movers 

Chains,  standard  detachable, 
malleable  and  steel  of  all  types 

Clutches,  friction  and  jaw 


Coal  Handling  Equipment  for 
pockets,  power  stations,  wash- 
eries-and  tipples 

Coal  Crushers 

Conveyors,  belt,  pan,  chain  for 
handling  ore,  coal,  ashes, 
gravel,  crushed  rock,  clay, 
cement,  and  all  bulk  or  pack- 
age products 

Elevators,  chain  and  belt,  for  all 
applications 

Feeders,  conveyor,  apron,  roll 
and  shaking 

Gates 
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Gears 

Glass  Works  Conveyors 

Gravel  Plant  Equipment,  wash- 
ing and  screening 

Hangers 

Pillow  Blocks 

Pulleys 

Screens,  shaking  and  revolving 
for  all  applications 

Sheaves 

Spouts 

Sprockets 

Transmission  Systems  and 
Equipment 


Aerial   Tramways 


THE  TRENTON  IRON  COMPANY 

TKENTON,  NEW  JERSEY 

MANUFACTURERS  OF  THE  BLEICHERT  SYSTEM  OF 
AERIAL  TRAMWAYS 


The  Bleichert  System  of  Aerial  Tramways  is  one  whereby  the  material 
is  carried  in  receptacles  suspended  from  carriages  running  on  stationary 
overhead  cables  in  a  continuous  circuit,  the  loaded  carriers  along  one  cable 
and  the  empties  returning  along  a  lighter  cable  parallel  with  this,  motion 
being  imparted  by  means  of  a  light  endless  traction  rope  to  which  the  car- 
riers are  gripped. 

No  matter  what  the  contour  of  the  ground  a  Bleichert  tramway  will 
take  the  material  in  a  bee  line  from  where  it  is  produced  to  where  it  is  to 
be  delivered  without  rehandling  at  a  cost  of  2  cents  to  5  cents  per  ton  a  mile. 

Angles  may  be  made  wherever 
it  is  necessary  to  change  the  di- 
rection of  the  line,  but  should  be 
avoided  wherever  possible  as  add- 
ing to  the  first  cost  of  the  line  and 
nearly  always  to  the  cost  of  oper- 
ating. 

Intermediate  loading  and  dis- 
charge stations  can  be  introduced 
at  suitable  locations  if  required, 
also  intermediate  brake  or  power 
stations  according  as  ppwer  is 
developed  or  required,  in  cases 
where  it  is  necessary  to  divide 
the  line  into  sections. 

No  ground  is  too  rugged  for  a 
bee  line  route;  no  grades  too  steep 
to  surmount;  no  rivers  or  valleys 
too  wide  to  cross;  no  grading, 
bridges  or  viaducts  are  required. 
Structures  are  required  to  sup- 
port the  cables.  These  may  be 
spaced  varying  distances  apart 
according  to  the  contour  of  the 
ground  and  structures  are  also 
required  for  applying  tension  to 
the  track  cables,  wherever  nec- 
essary in  the  longer  lines  to  main- 
tain their  proper  deflection.  The 
supports  may  be  of  wood  or  of  iron  as  jjref erred  and  are  ^designed  to  corre- 
spond with  the  service  and  special  condition  of  the  location. 
There  is  practically  no  limit  to  the  length  of  a  Bleichert  Tramway.    One 

line  carries  ore  a  distance  of  21 
miles.  The  loading  terminal  is 
11, GOO  ft.  above  the  discharge 
t  crminal  and  the  capacity  of  the 
line  is  40  tons  per  hour. 

Spans  occur  in  this  line  ex- 
ceeding half  a  mile  in  the  clear. 
Spans  over  1000  ft.  in  any  line 
are  not  unusual  but  the  spacing 
of  the  supports  under  ordinary 
conditions  will  average  200  to 
300  ft. 
The  track  cables  are  of  patented 

locked-coil  construction  (Fig.  2) 
Fig.  3    Patent  Coupling 


Fig.  1    Support  in  Bleichert  Tramway 


Fig.  2    Patent  Locked  Coil  Track  Cable 
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Aerial  Tramways 


THE  BLEICHERT  SYSTEM  OF  AERIAL  TRAMWAYS 


Fig.  4  Carrier  with  Web- 
ber Patent  Compression 
Grip,  showing  patent  au- 
tomatic attacher 


Fig.  5  Carrier  with  Bleich- 
ert  Patent  Automatic 
Overhead  Grip 


Fig.  6  Carrier  with  Bleich- 
ert  Pa  tent  Automatic 
Underhung  Grip 


the  smooth  surface  of  which  conduces  toward  a  very  uniform  wear,  which 
adds  to  the  life  of  the  cable  and  of  the  wheels  that  run  on  it. 

These  cables  are  made  of  a  select  grade  of  steel,  in  lengths  varying  from 
500  to  1500  ft.  which  are  joined  by  patented  steel  couplings  illustrated  in 

Fig-  '^-     . 

The  grips  for  attaching  the  carriers  to  the  traction  rope  are  simple  in  con- 
struction, powerful,  strong  and  efficient. 

They  are  made  for  ropes  running  below  or  above  the  track  cables  accord- 
ing to  the  exigencies  of  the  case,  as  shown  in  the  cuts  above.  Fig.  4  repre- 
sents the  ordinary  form  of  carrier  with  underhung  grip  suspended  from  a 
terminal  rail,  in  the  act  of  being  mechanically  attached  to  the  traction 
rope.  Fig.  5,  a  carrier  with  the  Bleichert  patent  automatic  overhead 
grip;  and  Fig.  6  a  carrier  with  the  Bleichert  patent  automatic  underhung 
grip. 

In  the  latter  two  the  grips  form  an  integral  part  of  the  carriage  construc- 
tion and  operate  in  such  a  way  that  the  weight  of  the  carriers  in  any  case 
acts  as  the  gripping  force  in  closing  the  jaws  against  the  rope.  These  grips, 
therefore,  are  independent  of  any  nice  adjustment  of  the  jaws  and  auto- 
matically acconnnodate  themselves  to  irregularities  of  the  rope  which  is  a 
great  advantage  in  long  lines. 

An  overhead  grip  with  positive  operating  mechanism  is  also  made. 

Well  tried  devices  are  provided  for  attaching  and  detaching  the  grips 
automatically  at  the  terminals  and  other  stations  as  may  be  required. 

No  buttons,  lugs,  or  knots  of  any  kind  are  required  on  the  traction  rope. 
This  fact  adds  greatly  to  the  life  of  the  rope,  since  the  wear  is  distributed 
uniformly  over  the  entire  rope  and  not  confined  to  certain  spots. 

The  same  advantage  pertains  to  these  grips  as  compared  to  permanent 
connections  of  any  kind.  The  ability  to  strip  the  line  readily  of  its  carriers 
when  occasion  occurs  for  resplicing  the  traction  rope,  or  while  making  re- 
pairs is  of  itself  a  very  great  advantage. 

Receptacles  especially  designed  for  any  purpose  are  made  of  all  kinds  of 
materials.  Buckets  are  most  commonly  used  as  shown  in  the  illustration 
above,  and  those  may  be  self-dumping  if  desired. 

By  cars  especially  designed  to  hold  one  or  more  buckets,  the  material 
may  be  transferred  to  and  from  surface  tracks  at  the  stations  without 
rehandling. 

Scales  are  furnished,  if  desired,  specially  designed  for  weighing  the  loaded 
carriers,  or  counters  for  automatically  registering  the  number  transported. 
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Elevating,  Conveying,  n?tJ  Power   Transmitting  Machinery 


WELLER  MANUFACTURING  CO. 

CHICAGO,   ILLINOIS 

ENGINEERS,  FOUNDERS,  MACHINISTS  AND  SHEET  METAL  WORKERS.  MANU- 
FACTURERS OF  ELEVATING,  CONVEYING  AND  POWER  TRANSMITTING  MACHIN- 
ERY.   COMPLETE  GRAIN  ELEVATOR  EQUIPMENTS 


The  complete  catalog  of  the  Weller  Manufacturing  Co.,  covering  a  com- 
plete line  of  elevating,  conveying  and  power  transmitting  appliances,  com- 
prises a  volume  of  more  than  500  pages.  We  have  endeavored  to  give  in 
the  following  list,  however,  enough  to  indicate  the  range  of  their  activities 
in  these  lines. 

Angle  plates  for  bevel  and  miter  gears 

Apron  Conveyors 

Barrel  Elevators 

Bearings,  ring  oiling,  chain  oiling,  self  oiling 

Belt  tighteners 

Belting,  Rubber,  Canvas,  Leather. 

Blocks,  Tackle 

Buckets,  Elevator 

Cars,  Steel  Dump 

Chain,   Case  hardened  steel  bushed,    combination   steel  and  malleable, 

detachable  lock  pintle,  etc.,  etc. 
Clutches,  Friction,  Square  and  Spiral  Jaw 
Collars 

Conveyors,  Belt,  Spiral,  Endless  Chain 
Couplings,  Compression,  Flanged  face,  Universal 
Dump  Cars 
Elevator  Appliances,  including  Buckets,  Boots,  heads,  legging  both  steel 

and  Wood,  Power  shovels,' etc.,  etc. 
Fans,  for  elevator  heads,  steel  plate  exhaust 
Friction  Clutches 
Friction  Hoists 
Friction  Wheels 

Gears,  Spur,  Bevel,  Cogs,  Worm,  etc. 
Grease  Cups 
Hangers,  Drop,  Post 
Hoists,   American   Safety   rope,   double  drum,  Moore  anti-friction  chain, 

single  drum  friction 
Jack  Screws,  Locomotive 
Link  Belting  and  attachments 
Manila  Rope  Transmission  appliances 
Oil  Burners 
Paper  Frictions 
Perforated  Metal 
Pillow  Blocks 

Pipe,  plain  riveted,  spiral  riveted 
Power  Shovels 

Pulleys,  cast  iron,  head,  friction  clutch,  steel  split,  wood  split,  etc. 
Shafting 
Sheaves,  manila  rope  transmission,  wire    rope    transmission,  wire    rope 

hoisting 
Sprocket  Wheels 
Spur  Rack  and  Pinion 
Take  up  Boxes 
Tension  Carriages 
Trippers  for  Belt  Conveyors 
Winches,  Hand  and  Power 
Wire  Cloth 
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Elevating,  Conveying,  and  Power  Transmitting  Machinery 


WELLER  MANUFACTURING  COMPANY 


Pulleys 


Dur.:p  Cars 


^!i:r^ 


Gears 


Belt  Tighteners 


Pillow  Blocks  Hangers 

See  also  next  page 
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Elevating,  Conveyifi^j,  and  Power   Transmitting  Machinery 


WELLER    MANUFACTURING    COMPANY 

Continued  from  preceding  pages 


/N__/^ i^     P\     ^ 


^ 


Spiral  Screw  Conveyor 


Belt  Conveyor  Troughing  Rolls 


Trippers 


Standard  C.  I.  Elevator  Boot 


Barrel  Elevator 


Friction  Hoist 
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Locomotives,  Hoisting  Engines,   Cement  Machinery 


VULCAN   IRON   WORKS 

WILKES-BARUE,  PA. 

LOCOMOTIVES,     HOISTING     AND     HAULAGE     ENGINES, 
AIR  COMPRESSORS,  MINING   AND  CEMENT  MACHINERY 


LOCOMOTIVES 

Steam  Locomotives.  Tlie  Vulcan  Iron 
Works  make  ;i  specialty  of,  and  have  ex- 
(•(-Ikait  facilities  for,  building  locomotives 
to  meet  the  needs  of  contractors,  steel, 
mining,  and  industrial  plants;  and  for  plan- 
tation, logging,  freight,  switching  and  pas- 
senger service,  in  all  styles  and  weights  from 
seven  to  seventy  tons  on  drivers.  A  separate 
and  complete  plant  is  devoted  to  this  work. 

We  also  endeavor  to  keep  on  hand  full  detail  parts  of  standard  types  with 
a  view  of  making  deliveries  on  short  notice.  Our  stock  locomotives  can  l)e 
forwarded  on  receii)t  of  lettering  instructions. 

Comph>te  illustrated  catalog  on  request. 

Compressed  Air  Locomotives  are  adapted  to  genera!  service  in  and  around 
coal  mines,  or  industrial  plants  where  a  fired  locomotive  would  be  dangerous. 
The  dimensions,  pressure  and  capacity  of  the  tanks  may  be  modified  to  suit 
special  requirements  and  conditions.  For  very  long  runs  a  separate  air  tender 
can  be  provided,  which  may  be  attached  or  detached  as  desired.  Detailed 
information  on  request. 

HOISTING  AND  HAULAGE  ENGINES 
First  Motion  Hoists.     These  engines 
are  built  to  the  most  rigid  specifica- 
tions for  heavy  hoisting  work.     The 
drums  are  of  steel  or  iron,  grooved  and 
conical  in  shape  so  as  to  counterbal- 
ance the  weight  of  the  rope.    The  illu.s- 
tration  shows  a  type  used  for  shaft 
hoisting  from  300  to  1000  ft.  lifts  fitted 
with  steam  reverse,  steam  brake,  and 
the  Nicholson  Engine  stop  for  the  pre- 
vention of  overwinding.    Special  cata- 
log on  request. 
Geared  Engines.    Vulcan  Geared  Engines  are  used  ordinarily  where  a  hoisting 
speed  of  800  ft.  per  minute  or  less  is  satisfactory,  and  for  some  purposes  are 
preferred  over  First  Motion  Hoists  because  of  the  lesser  first  cost  and  of  the 
smaller  space  occupied.    These  engines  are  simple  and  compact,  but  have  ample 
proportions  in  all  working  parts  so  as  to  insure  great  durability  and  consequent 
low  cost  of  maintenance.     Special  catalog  on  recjuest. 

Vulcan  Electric  Hoists.  Vulcan  Electric  Hoists  are  built  in  standard  sizes  from 
35  to  2.')()  H.P.  and  with  single  or  double  drums.  Special  hoists  will  be  designed 
to  meet  special  conditions  as  may  be  required.  If  desired  the  equipment  in- 
cludes solenoid  brakes  and  a  device  for  the  prevention  of  overwinding. 

MACHINERY  FOR  THE  MANUFACTURE  OF  PORTLAND  CEMENT 

^^'e  build  Kilns  for  either  the  dry  or 
wet  process,  and  of  any  size  to  suit  the 
needs  or  ideas  of  the  customer.  Al- 
though our  specialty  is  rotary  kilns, 
dryers  and  coolers,  we  also  build  en- 
gines, boilers,  stecks,  bins,  sheet  iron 
work  of  all  kinds,  conveying  and  ele- 
vating machinery,  and  other  machin- 
ery used  in  or  around  the  Modern 
Portland  Cement  Plant. 

Catalog  on  request. 

Ill 


Elcvaiing,  Conveying,  and  Pmver  Transmission  Machinery 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

NEW  YORK.  299  Bioadway  BOSTON,  131  State  St. 

PITTSBURGH,  1501-3  Park  Bldg.  SEATTLE,  E.  G.  Brabrook 

ST.  LOUIS.  Central  Nat'l  Bank  Bldg.  DENVER,  Llndrooth.  Shubart  &  Co. 

BUFFALO,  601  EUlcott  Sq.  NEW  ORLEANS.  WUmot  Mchy.  Co 

SAN  FRANCISCO,  Eby  Machinery  Co. 

ELEVATING  AND  CONVEYING  MACHINERY  FOR  EVERY  PURPOSE 


OUR  MANUFACTURES  INCLUDE 

Complete  Coal  Tipple  Equipments 

Coal  Washeries 

Slack  Conveyors 

Car-Hauls 

Coal  Pockets 

Coal  Crushers 

Picking  Tables 

Screens,  Chutes 

Hoppers 

Screw  Conveyors 

Crushed  Stone.  Sand  and  Gravel  Handling  Plants 

Elevators,  Screens,  and  Dredges,  for  Placer  Mining 

Locomotive  Coaling  Stations 

Locomotive  Cranes 

Telphers 

20th  Century  Asphalt  Paving  Machine 

Industrial  Railways 

Power  House  Fueling  Equipments 

Roll  Crushers  of  all  types  for  Coal,  Coke,  etc. 

Elevators  and  Conveyors  for  every  purpose 

Power-Transmission  Machinery 

Original  "Ewart"  Detachable  Link-Belt  Chains,  all  types  attachments 

Hangers,  Pillow  Blocks,  Friction-Clutches,  Flint  Rim  Sprocket  Wheels,  etc. 


The  following  catalogs  sent  on  request 

No.  90  400  page  General  Price  List 

No.  78  Retail  Coal  Pockets 

No.  SI  Peck  Carrier 

No.  83  Conveyors  for  Freight  and  Packages 

No.  95  Conveying  Machinery  for  Coal  Mines 

No.  9G  Conveying  Machinery  for  Sugar  Estates 

No.  102  Maximum  Silent  Chain 

No.  121  Friction  Clutches 
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Profitable  Publications  for  the  Manufacturer 


Shop  Management 

By  FREDERICK  W.  TAYLOR,  M.  E.,  Sc.D. 

6x9  inches.        Printed  on  heavy  paper;  144  pages  and  folder.        Cloth,  $1.50. 

The  chief  object  of  the  author  is  to  advocate  the  accurate  study  of  "How  long 
it  takes  to  do  work,"  or  scientific  time  study,  as  the  foundation  of  the  best  man- 
agement, coupling  high  wages  with  low  labor  cost.  It  is  the  original  presenta- 
tion of  the  principles  of  Scientific  Management. 


PARTIAL  INDEX  OF  SUBJECTS 


What  Is  the  Best  Index  to  Good  Shop 
Management? 

Why  it  Is  Possible  to  Pay  High  Wages 
and  Still  Have  a  Low  Labor  Cost. 

The  Evils  of  "Soldiering." 

The  Only  True  Remedy  for  "Soldier- 
ing." 

Accurate  Scientific  Time  Study. 

Differential  Rate  System  of  Piece  Work. 

The  Task  Idea  in  Management. 


Illustrations  of  the  Practical  Results 
Obtained  Through  the  Application 
of  the  Task  Idea  in  Management 
Standards. 

Planning  Department  :  General  Anal- 
ysis of  the  Duties  and  Qualities 
Demanded  of  a  Good  Foreman. 

Steps  to  Be  Taken  in  Changing  from 
Ordinary  to  the  Best  Type  of  Man- 
agement. 

Where  to  Begin  in  Making  Changes  in 
Management. 


The  Art  of  Cutting  Metals 

SECOND  EDITION. 

By  FREDERICK  W.  TAYLOR,  M.  E.,  Sc.D. 

Written  bj'  the  inventor  of  high  speed  steel,  this  book  contains  detailed  in- 
structions on  how  to  treat  high  speed  steel  so  as  to  make  the  best  possible  tool 
for  roughing  and  finishing  work.  Gives  standard  shapes,  lip  and  clearance 
angles,  directions  for  forging  and  gi-inding,  notes  on  tool  steel  and  its  treatment, 
etc. 

6x9  in.        248  pages,  with  24  folders.        Cloth,  $3.00. 


THE  AMERICAN  SOCIETY  OF 

MECHANICAL  ENGINEERS 

29  WEST  39th  STREET,  NEW  YORK 
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Alliance  Machine  Co.,  Alliance,  Ohio .  . 86,  87,  88 

Auburn  Ball  Bearing  Company,  Rochester,  N.  Y 68 

Boston  Belting  Company,  Boston,  Mass 77 

Brown,  A.  &  F.  Co.,  New  York 49 

Brown  Hoisting  Machinery  Company,  Cleveland,  Ohio 89 

Brown  Portable  Elevator  Co.,  Chicago,  111 90,  91 
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Hyatt  Roller  Bearing  Co.,  Newark,  N.J 70,  71 

Industrial  Works,  Bay  City,  Mich 98 

Jewell  Belting  Company,  Hartford,  Conn 80,  81 

Lamson  Company,  Boston,  Mass 102,  103 

Link  Belt  Co.,  Chicago,  111 112 

Metaline  Company,  Long  Island  City,  N.  Y 59 

Morgan-Gardner  Electric  Co.,  Chicago,  111 84,  85 
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Oneida  Steel  Pulley  Co.,  Oneida,  N.  Y 04 

Rail  Joint  Company,  New  York 83 
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ANNUAL  MEETING:  NEW  YORK,  DECEMBER  3-6 


APPLICATIONS  FOR  MEMBERSHIP  SHOULD  BE 
FILED  AT  ONCE 

Applications  for  membership  must  be  filed  by  Sep- 
tember 1  if  they  are  to  be  acted  upon  at  the  Annual 
Meeting  in  December.  As  there  is  alwaj^s  delay  dur- 
ing the  summer  in  getting  into  touch  with  references, 
no  time  should  be  lost  in  forwarding  names  and  answer- 
ing letters  when  named  as  a  reference. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

I.  E.  MouLTROP,  Chmn.         W.  T.  Donnellt 
C.  W.  Aiken  J.  P.  Ilsley 

R.  S.  Allyn  E.  B.  Katte 

R.  M.  Dixon  H.  S.  Wynkoop 
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CURRENT  AFFAIRS 

Notwithstanding  the  general  impression  that  work  in  the  engi- 
neering societies  has  been  suspended  for  the  summer,  activities 
are  nevertheless  to  be  seen  in  many  lines.  On  July  1  the  usual 
number  of  certificates  of  indebtedness,  amounting  to  $6000,  were 
retired  according  to  agreement,  certificates  being  drawn  by  lot 
by  the  Chairman  of  the  Finance  Committee.  This  will  be  done 
annually  until  the  entire  amount  has  been  paid,  unless  the  matter 
may  be  financed  earlier  through  the  enterprise  of  the  members 
and  thus  permit  the  greater  activities  of  the  Society,  which  are 
meanwhile  diminished  by  this  necessity. 

ENGINEERING   CONGRESS  IN    1915 

At  a  meeting  of  the  representatives  of  the  four  national  engi- 
neering societies,  the  American  Society  of  Civil  Engineers,  the 
American  Institute  of  Mining  Engineers,  the  American  Society 
of  Mechanical  Engineers  and  the  American  Institute  of  Electri- 
cal Engineers,  on  June  11,  it  was  tentatively  agreed  to  recom- 
mend to  these  organizations  and  to  the  Society  of  Naval  Archi- 
tects and  Marine  Engineers  that  they,  together  with  the  members 
situated  on  tlie  Pacific  Coast,  underwrite  the  expenses  of  the 
engineering  congress  projected  for  1915.     Prof.  W.  F.  Durand 
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of  Lelancl  Stanford  University,  and  George  W.  Dickie  of  San 
Francisco  also  attended  the  meeting  as  guests. 

SUB-COMMITTEES    ON    THE    INDUSTRIES 

A  joint  meeting  of  all  the  sub-committees  on  the  industries 
and  of  the  Committee  on  Meetings,  was  called  for  Monday,  July 
29,  to  formulate  the  scope  of  the  work.  These  sub-committees, 
as  already  announced,  include  Iron  and  Steel,  Air  Machinery, 
Railroad  Equipment,  Industrial  Building,  Hoisting  and  Convey- 
ing, and  Fire  Protection,  and  it  is  expected  that  there  will  be 
professional  sessions  upon  several  or  all  of  these  topics  at  the 
Annual  Meeting  in  December,  with  papers  and  reports  on  their 
various  phases.    . 

COMMITTEE   ON   TOLERANCES   IN    SCREW   THREAD   FITS 

The  interest  aroused  in  the  subject  of  the  measurement  of  taps, 
bolts  and  screws  at  the  meeting  of  the  Society  in  New  York  in 
March,  has  been  crystallized  by  the  appointment  by  the  Council 
of  a  committee  on  permissible  Tolerances  in  Screw  Thread  Fits, 
L.  D.  Burlingame,  Chairman.  Elwood  Burdsall,  F.  G.  Coburn, 
F.  H.  Colvin,  A.  A.  Fuller,  James  Hartness,  H.  M.  Leland,  W. 
R.  Porter  and  F.  O.  Wells,  which  will  investigate  this  important 
matter  and  report  to  the  Council  at  an  early  date. 

VISIT  OF  WILLIAM   CAAVTIIORNE  UNWIN 

The  Society  anticipates  with  much  pleasure  the  visit  of  Wil- 
liam Cawthorne  Unwin  to  this  country  about  September  1.  Dr. 
Unwin,  who  was  elected  to  Honorary  Membership  in  the  Society 
in  1898,  and  who  is  also  an  Honorary  Member  of  the  Institution 
of  Mechanical  Engineers  of  Great  Britain,  was  formerly  profes- 
sor of  engineering  of  the  Royal  School  of  Naval  Architecture 
and  Marine  Engineering,  of  the  Royal  Engineering  College,  and 
of  the  City  and  Guilds  Central  Technical  College,  and  is  the  au- 
thor of  a  number  of  books  on  hydraulics  and  machine  design. 

Dr.  Unwin  is  President  this  year  of  the  Institution  of  Civil 
Engineers  of  Great  Britain. 

EIGHTIETH   BIRTHDAY   OF   JOHN   E.   SWEET 

In  honor  of  the  eightieth  birthday  of  Prof.  John  E.  Sweet, 
Plonorary  Member  and  Past-President  of  the  Society,  it  is 
planned  to  tender  a  reception  to  Professor  Sweet  about  the  time 
of  the  Annual  Meeting,  and  a  committee  of  arrangements,  con- 
sisting of  Ambrose  Swasey,  Chairman,  F.  G.  Tallman,   Vice- 
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Cliairiiian,  F.  A.  Halsey,  Treasurer,  E.  J.  Armstrong,  Secre- 
tary, E.  N.  Trump,  and  Calvin  W.  Rice,  Secretary  of  the  Society, 
ex-officio,  is  preparing  for  such  an  occasion.  On  July  8  this  com- 
mittee met  in  Syracuse,  N.  Y.,  and  made  tentative  plans  for  an 
event  which  would  suitably  express  the  personal  att'ection  held 
bv  every  friend  for  Professor  Sweet,  to  whom  more  than  to 
any  other  living  member  is  due  the  organization  of  the  Society. 
It  is  expected  that  this  anniversary  will  be  one  of  the  most  de- 
lightful occasions  of  the  mid-winter  meeting. 

Calvin  W.  Rice,  Secretary 


MEDAL    AWARDED    TO    GEORGE    WESTINGHOUSE 

George  Westinghouse,  Honorary  Member  and  Past-President 
of  the  Society,  was  awarded  the  Edison  Medal  for  "  meritorious 
achievement  in  the  development  of  the  alternating-current  sys- 
tem for  light  and  power  "  at  the  annual  banquet  of  the  American 
Institute  of  Electrical  Engineers  in  Boston  on  June  27.  This 
medal,  which  was  founded  upon  the  initiative  of  the  Edison 
Medal  Association,  comprising  old  associates  of  Thomas  A.  Edi- 
son, who  subscribed  a  trust  fund  in  1901,  is  annually  awarded  by 
the  Institute  to  that  person  in  the  United  States  or  Canada  per- 
forming the  most  meritorious  achievement  in  electrical  science, 
engineering,  or  electrical  arts.  It  was  designed  b}'^  James  Earle 
Frazer  and  bears  on  the  obverse  side  a  portrait  of  Thomas  A. 
Edison,  and  on  the  reverse  side  an  allegorical  conception,  the 
genius  of  electricity  crowned  by  fame.  The  first  award  was 
made  in  1909  to  Elihu  Thompson  and  the  second  in  1910  to 
Frank  J.  Sprague,  the  award  to  Mr.  Westinghouse  being  the 
third.  In  accepting  the  medal  Mr.  Westinghouse  gave  an  inter- 
esting sketch  of  the  development  of  his  inventions. 


MEETING  IN  GERMANY 

Plans  for  the  meeting  of  the  Society  with  the  Verein  deutscher 
Ingenieure  in  Leipzig,  June  23-25,  1913,  are  already  under  way. 
The  committee  of  arrangements  appointed  by  the  Council,  con- 
sisting of  Col.  E.  D.  Meier,  chairman,  John  W.  Lieb,  Jr.,  vice- 
chairman.  Dr.  W.  F.  M.  Goss,  Charles  Whiting  Baker,  Major 
Wm.  H.  Wiley,  and  Dr.  Alex.  C.  Humphreys,  President,  and 
Calvin  W.  Rice,  Secretary,  ex-ofiicio,  have  opened  negotiations 
with  several  steamship  companies,  and  report  that  very  rea- 
sonable figures  can  be  obtained,  despite  the  fact  that  the  meet- 
ing is  to  be  held  during  the  height  of  the  season,  provided  a  suffi- 
cient number  of  members  participate.  By  chartering  an  entire 
steamer  demands  varying  from  the  most  luxurious  to  the  sim- 
plest and  most  economical  can  be  adequately  met.  An  early  ex- 
pression from  members  of  the  Society  with  regard  to  their  inten- 
tion to  participate  is  greatly  needed  by  the  committee  in  order 
that  further  preparations  may  be  made  at  once. 

Letters  received  indicate  the  great  interest  felt  by  German 
engineers,  manufacturers  and  officials  in  the  proposed  visit  and 
more  definite  arrangements  and  further  invitations  from  many 
cities  and  plants  are  contingent  onh^  upon  the  number  and  com- 
position of  our  party.  Besides  Leipzig  where  the  joint  meeting 
takes  place,  many  other  points  are  on  the  alert  to  give  the 
Anserican  engineers  an  opportiuiity  to  see  the  advances  made 
in  the  profession  and  the  growth  of  cordiality  toward  Ameri- 
cans generally,  which  is  not  confined  to  any  one  point.  Places 
which  it  is  tentatively  proposed  to  visit  are  Hamburg,  where 
there  will  be  an  opportunity  to  visit  the  greatest  shipyards  in 
Germany,  Munich,  with  a  reception  b}^  the  Prince  of  Bavaria, 
Berlin,  visiting  the  industrial  plants,  and  by  special  arrange- 
ment the  Castle  of  the  Kaiser  at  Potsdam,  Essen  where  there 
will  be  a  reception  by  Krupp  von  Bohlen,  Stuttgart,  Diisseldorf, 
Cologne,  Frankfort,  Mannheim,  and  Heidelberg.  In  Leipzig  it 
is  also  expected  that  there  will  l)e  held  during  our  visit  a  patriotic 
gathering  in  commemoration  of  the  Battle  of  Leipzig,  and  it  is 
expected  that  if  the  Kaiser  is  in  the  coimtrj^  at  the  time  our  party 
will  be  given  a  reception. 
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THE  1912  U.  S.  STANDARD 

The  American  Society  of  Mechanical  Engineers  is  a  large  factor 
in  promoting  the  industrial  progress  of  our  country.  This  is  usually 
accomplished  by  public  spirited  members  serving  on  committees 
appointed  for  special  tasks.  The  most  recent  development,  recom- 
mended jointly  by  the  Society  and  the  National  Association  of 
Master  Steam  and  Hot  Water  Fitters,  is  the  Schedule  of  Standard 
Weight  and  Extra  Heavy  Flanged  Fittings  and  Flanges  known  as 
"The  1912  U.  S.  Standard."  This  work  has  been  performed  on 
request  and  the  changes  have  been  made  for  engineering  reasons. 
They  refer  particularly  to  heavy  work  and  to  the  sizes  above  nine 
inches.  The  above  being  true,  these  changes  would  affect  prin- 
cipally the  large  consumers  of  great  responsibility  where  safety  is 
essential  and  where  no  expense  would  be  considered  too  great  which 
would  prevent  accident  and  secure  continuity  of  service. 

The  various  makes  of  flanges  and  fittings  now  on  the  market, 
figured  on  the  basis  of  the  bolt  stress,  show  a  factor  of  safety  in  many 
cases  as  low  as  two  and  in  a  few  cases  even  less.  This  compared  with 
the  necessary  factor  of  safety  of  the  pipe  itself,  which  is  approx- 
imately sixteen,  shows  at  a  glance  the  necessity  for  the  changes  made 
in  The  1912  U.  S.  Standard,  of  bringing  up  the  factor  of  safety 
in  the  bolts,  flanges  and  fittings,  especially  in  view  of  the  enormous 
strains  encountered  due  to  changes  of  temperature. 

The  other  important  feature  in  The  1912  U.  S.  Standard  is  the 
uniformity  of  dimensions  providing  for  interchangeability  of  fittings. 
Until  very  recently,  each  manufacturer  had  his  own  standard  and 
chaos  has  resulted,  so  that  the  engineer  must  know  what  particular 
make  is  to  be  purchased  before  he  can  proceed  to  design  or  erect  the 
piping  work.  Hereafter  all  fittings  of  all  manufacturers  who  comply 
with  the  new  schedule  will  be  uniform  in  the  principal  dimensions, 
and  this  will  be  an  important  factor  in  obtaining  quickly  spare  parts 
throughout  the  country  and  enable  one  readily  to  make  repairs  and 
alterations.  The  new  standard  does  not  attempt  to  fix  the  quality 
of  the  metal  or  the  thickness  of  the  shell  of  fittings,  leaving  this  to 
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the  manufacturers  to  regulate  in  accordance  with  their  guarantee, 
depending  on  the  pressure  the  fittings  are  to  carry. 

STANDARD    WEIGHT   FLANGES 

In  comparing  The  1912  U.  S.  Schedule  of  Standard  Weight  Flanges 
with  the  alternative  standard  submitted  by  the  sub-committee  of 
manufacturers  with  respect  to  diameter  of  bolt  circle,  number  of 
bolts  and  diameter  of  bolt  holes,  we  find  the}^  are  identical,  with  the 
one  exception  that  The  U.  S.  Standard  gives  |  in.  instead  of  f  in. 
for  diameter  of  bolt  hole  for  4-in.  pipe. 

The  standard  of  the  Engineering  Standards  Committee  of  Great 
Britain  and  the  standard  of  the  Verein  deutscher  Ingenieure  do  not 
have  sizes  exactly  corresponding  to  the  standard  weight  and  extra 
heavy  weight  of  The  1912  U.  S.  Standard,  but  have  the  most  im- 
portant dimensions,  the  same  for  all  pressures,  making  their  piping 
on  low  pressures  unnecessarily  heavy  and  expensive,  but  without 
securing  absolute  safety  for  high  pressures.  Comparing  the  pro- 
posed Manufacturers'  Standard  with  (Table  II)  British  standard 
pipe  flanges  for  working  steam  pressures  of  225  lb.  per  sq.  in.,  we 
find  the  British  standards  give  higher  values,  especially  as  far  as 
number  of  bolts  is  concerned. 

EXTRA   HEAVY   FLANGES 

For  extra  heavy  flanges  up  to  9  in.  inclusive.  The  1912  U.  S 
Standard  and  the  standard  of  most  manufacturers  are  identical. 
Above  9  in.  The  U.  S.  Standard  is  somewhat  larger  than  the  present 
standards,  as  has  been  stated.  With  the  British  standard,  the 
diameter  of  bolt  circle  and  number  of  bolts  are  the  same  for  pipes 
corresponding  to  The  1912  U.  S.  Standard  or  proposed  Manu- 
facturers' Standard  weight  and  extra  heavy  weight,  but  from  10  in. 
on  the  diameter  of  the  bolt  circle  is  from  I  to  |  in.  less  than  the 
proposed  Manufacturers'  Standard  and  |  in.  less  than  The  U.  S. 
Standard.  The  number  of  bolts  in  most  cases  for  pipes  from  10  in. 
on  in  The  U.  S.  1912  and  Manufacturers'  is  from  two  to  four  bolts 
greater  than  in  the  British  standard.  As  far  as  size  of  bolts  is  con- 
cerned, the  British  standard  makes  a  distinction  between  pipes  for 
pressures  up  to  225  lb.  and  up  to  325  lb.  The  bolts  for  pipes  up  to 
225  lb.  are  below  the  Manufacturers'  Standard  |  in.  in  nearly  every 
case  and  below  the  U.  S.  Standard  from  |  to  |  in.  In  pipes  for 
pressure  of  325  lb.  the  British  standard  is  the  same  as  the  proposed 
Manufacturers'  schedule  in  all  cases  except  14  in.  and  18  in.  where 
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the  British  standard  is  J  in.  larger  than  the  Manufacturers'  standard, 
but  from  |  to  j  in.  smaller  than  the  U.  S.  standard. 

It  is  thus  seen  that  wherever  there  is  a  distinction  between  The 
1912  U.  S.  and  proposed  Manufacturers'  Standard,  The  1912  U.  S. 
Standard  is  invariably  on  the  side  of  greater  safety  and  strength  and 
has  the  added  feature  of  interchangeability  where  the  proposed 
Manufacturers'  schedule  has  different  face  to  face  dimensions.  As 
to  the  comparison  with  the  British  and  German  standards  it  must 
be  remembered  that  they  cover  by  one  standard  both  weights  of  the 
American  specifications,  and  as  would  be  naturally  expected  with 
compromises  must  have  higher  values  for  standard  weight  pipes  and 
lower  values  tor  extra  heavy  weight  pipes.  However,  in  Germany 
there  is  reported  in  the  public  press  dissatisfaction  with  the  existing 
standards  as  not  being  safe.  The  Alsace  Association  of  Owners  of 
Steam  Machinery  prints  in  its  annual  report  for  1911  as  follows: 

"It  is  nearly  impossible  to  estimate  with  any  degree  of  precision 
the  bending  stresses  to  which  are  submitted  pipe  flanges  when,  in 
order  to  obtain  a  good  joint,  the  bolts  are  screwed  tightly,  especially 
if  the  flange  has  to  withstand  at  the  same  time  stresses  due  to  ex- 
pansion. As  a  result,  many  of  the  joints  in  pipes  and  similar  appa- 
ratus are  working  with  very  low  factors  of  safety,  as  has  been  shown 
lately  by  the  fact  that  accidents  from  piping  have  been  far  more 
numerous  than  from  boilers,  and  with  as  fatal  consequences." 

The  1912  U.  S.  Standard  is  the  result  of  the  efforts  of  the  afore- 
mentioned committees  covering  a  period  of  over  a  year  during  which 
time  every  detail  was  considered.  The  committee  had  the  active 
cooperation  of  engineers  representing  large  power  plants,  manu- 
facturers and  the  U.  S.  Navy  Department.  Prominent  engineers  and 
architects  throughout  the  country  were  communicated  with  and 
their  opinions  and  advice  received  and  considered,  and  the  con- 
summation is  The  1912  U.  S.  Standard. 

This  standard  has  been  in  operation  two  months  and  has  already 
been  approved  and  adopted  by  the  U.  S.  Navy  Department,  U.  S. 
Bureau  of  Standards,  Isthmian  Canal  Commission,  and  is  under 
consideration  bj^  other  departments  of  the  U.  S.  Government. 
Large  power  concerns  such  as  the  Interboro  Rapid  Transit  Com- 
pany of  New  York,  the  New  York  Edison  Company  and  others  who 
in  the  past  have  had  fittings  made  from  their  owti  patterns,  because 
there  was  no  standard,  have  agreed  to  adopt  and  use  The  1912 
U.  S.  Standard.  Mr.  L.  B.  Stillwell,  electrical  engineer  of  New 
York,  has  specified  The  1912  U.  S.  Standard  for  fittings  in  the  new 
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120,000  kilowatt  power  house  now  in  process  of  construction  at 
Hauto,  Pa.,  by  the  Lehigh  Navigation  Electric  Company.  We  are 
informed  that  manufacturers  are  beginning  to  fill  orders  and  in 
some  cases  are  preparing  the  dimensions  in  their  own  new  catalogues 
in  accordance  with  The  1912  U.  S.  Standard.  The  committee  of  The 
American  Society  of  Mechanical  Engineers  have  decided  after  the 
most  careful  consideration  not  to  reopen  the  subject,  as  has  been 
erroneously  reported. 

This  schedule  was  published  in  the  February  1912  Journal  of  The 
American  Society  of  Mechanical  Engineers  and  February  1912 
Bulletin  of  the  National  Association  of  Master  Steam  and  Hot 
Water  Fitters,  and  copies  may  be  had  upon  request  from  either 
the  National  Association  of  Master  Steam  and  Hot  Water  Fitters 
or  The  American  Society  of  Mechanical  Engineers. 


NECROLOGY 

GEORGE   R.    BABBITT 

George  Rodney  Babbitt,  president  and  treasurer  of  the  Amer- 
ican Oil  Company  of  Providence,  K.  I.,  died  at  his  home  in 
Edgewood.  R.  L,  on  June  29,  1912.  Mr.  Babbitt,  who  was  born 
at  Berkley,  Bristol  Co.,  Mass.,  on  June  27,  1842,  received  his  edu- 
cation in  the  schools  of  that  locality  and  in  Fall  River,  Mass.  As 
a  young  man  he  followed  the  sea  for  several  years,  making  a  voy- 
age to  California  in  1860,  then  a  tedious  undertaking. 

In  1862  ^Ir.  Babbitt  came  to  Providence  and  entered  the  em- 
ploy of  the  Burnside  Rifle  Works,  becoming  a  sub-contractor  on 
parts  of  the  Avork.  When  the  works  closed  down  three  years 
later  to  be  refitted  for  building  locomotives,  he  spent  a  period 
in  the  Pennsylvania  oil  fields,  and  the  following  year  became 
associated  with  William  A.  Harris,  the  Harris-Corliss  steam 
engine  builder.  With  this  concern  he  filled  the  positions  of  ma- 
chinist, foreman  and  superintendent,  and  invented  and  patented 
several  improvements,  among  them  a  piston  packing,  for  which 
he  received  a  medal  at  the  Cincinnati  Industrial  Exposition  in 
1874.  a  releasing  gear  and  an  extended  piston. 

In  October  1888,  he  was  tendered  the  position  of  superintend- 
ent of  the  heavy  ordnance  department  of  the  Government  at 
Washington.  D.  C,  which,  however,  he  declined.  Pie  bought  an 
interest  in  the  American  Oil  Company  of  Providence  in  1892, 
with  which  he  Avas  associated  at  the  time  of  his  death.  He  w^as 
frequently  called  upon  to  act  as  a  consulting  and  mechanical  en- 
gineer for  large  manufacturing  concerns,  both  for  new  work  and 
for  the  best  methods  of  repairing.  In  1894  he  patented  an  auto- 
matic! barrel  filler. 

One  nota!)le  achievement  of  Mr.  Babbitt's  was  his  plan  for 
floating  the  steamship  Paris  which  had  grounded  on  some  rocks 
while  crossing  the  Atlantic,  and  which  he  proposed  to  the  oAvners 
after  reading  an  illustrated  newspaper  description  of  the  acci- 
dent. 

11 
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WILIJAM  J.  EDWARDS 

William  ,1.  EdAvards  died  at  his  home  in  Bino:hanit()n.  N.  Y.. 
(HI  April  21.  1912.  Mr.  Edwards,  who  Avas  born  in  Albany  on 
Eebrnary  20.  1873.  received  his  ])i'eparatory  education  at  the 
Centenary  Collegiate  Institute  at  Hackettstown,  N.  J.,  and  his 
technical  training  at  Pratt  Institute  in  Brooklyn.  Upon  his 
graduation  in  1893  he  entered  the  employ  of  the  Tide  Water  Oil 
Company  in  Bayonne.  N.  J.,  Avhere  he  became  acting  master 
mechanic  of  the  company,  with  charge  of  the  design  and  con- 
struction of  the  complete  oil  refinery,  and  later  superintendent  of 
the  can  and  case  department.  He  AA'as  also  during  his  residence 
in  Bayonne  president  of  the  Bayonne  Castings  Company,  which 
made  a  specialty  of  monel  metal  castings. 

In  1911  he  removed  to  Binghamton,  N.  Y.,  to  become  vice- 
president  and  treasurer  of  the  Binghamton  Clothing  Company, 
a  position  which  he  held  at  the  time  of  his  death. 

LAWIJENCE    WHITCOMB 

Lawrence  Whitcoml).  who  died  in  Boston,  Mass.,  on  May  18, 
1912,  was  born  May  2,  1803.  at  Maiden,  Mass.,  and  was  educated 
in  the  Boston  and  Roxbury  public  schools.  In  1881  he  left 
school  without  completing  his  course  and  entered  the  shoe  busi- 
ness, becoming  a  salesman  and  factory  superintendent.  In  1890 
lie  joined  the  organization  of  the  firm  of  Whitcomb,  Wead  & 
(^ompany,  real  estate  brokers  and  agents,  which  became  one  of 
the  large  real  estate  firms  of  Boston.  Mr.  Whitcomb  was  also 
interested  in  the  development  of  the  Naticmal  Brake  &  Clutch 
Company  and  its  successor  the  Cork  Insert  Company,  which 
owned  patents  covering  the  use  of  cork  for  friction  purposes  in 
brake  shoes,  clutches,  pulleys,  etc.,  and  finding  that  the  use  for 
these  devices  was  veiy  large  he  made  a  careful  study  of  mechan- 
ical conditions  and  requirements  and  patented  several  new  appli- 
cations of  his  oAvn.  He  Avas  at  the  time  of  his  death  treasurer 
and  general  manager  of  this  company. 


THE  REDUCTION  IN  TEMPERATURE  OF  CON- 
DENSING WATER  RESERVOIRS  DUE  TO 
COOLING  EFFECTS  OF  AIR  AND 
EVAPORATION 

By  W.   B.   Ruggles,   Published  in  The  Journal  for  April 

ABSTRACT  OF  PAPER 

The  tests  described  in  this  paper  were  made  to  determine  the  heat  radiation 
from  a  cooling  reservoir  of  about  6J  acres,  at  the  Crescent  Portland  Cement 
Company's  plant  at  Wampum,  Pa.  The  amount  of  heat  delivered  to  the  reser- 
voir from  the  engines  and  compressors  was  measured  by  hourly  readings  for 
power  and  vacuum  and  the  reduction  of  temperature,  due  to  pumping  in  fresh 
water  from  the  Beaver  River,  and  by  rain  was  also  taken.  By  frequent  readings 
of  temperature  of  tail  water,  intake  water  and  air,  the  cooling  effect  of  the  air  on 
a  unit  of  surface  of  water  per  unit  of  difference  of  temperature  was  easily  de- 
termined. 

DISCUSSION 

Forrest  E.  Cardullo.  It  may  be  shown  from  the  kinetic  the- 
ory of  heat  that  the  rate  of  evaporation  from  a  water  surface  is 
approximately  proportional  to  the  difference  between  the  satura- 
tion pressure  of  water  vapor  at  the  temperature  of  the  water 
and  the  actual  pressure  of  the  water  vapor  in  the  air.  Experi- 
ment shows  that  the  rate  of  evaporation  in  still  air,  i.  e.,  air  in 
which  the  only  currents  are  those  caused  by  the  temperature 
conditions  and  not  by  the  wind,  the  rate  of  evaporation  is  ap- 
proximately 3/10  lb.  of  water  per  sq.  ft.  of  surface  per  hour  for 
every  pound  difference  in  vapor  pressure.  When  there  is  an 
appreciable  amount  of  wind,  the  rate  of  evaporation  becomes 
higher,  and  in  case  the  wind  is  very  brisk  it  may  become  four 
or  five  times  as  great  as  the  value  given.  Furthermore,  the  rate 
of  evaporation  depends  on  the  size  and  form  of  the  pond,  being 
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greater  in  the  case  of  a  small  and  narrow  pond  and  less  in  the 
case  of  a  large  or  circular  pond,  since  the  air  which  sweeps 
across  the  large  pond  will  be  partially  saturated  with  moisture 
before  it  has  gone  very  far.^ 

There  is  a  reasonable  concordance  between  theory  and  the 
actual  results  which  Mr.  Ruggles  obtains.  For  the  week  ending 
May  7  the  amount  of  heat  carried  away  was  about  15  per  cent 
greater  than  theory  would  indicate.  For  the  week  ending  July 
12  it  was  a  few  per  cent  less,  but  for  the  week  ending  Novem- 
ber 27  it  was  nearly  twice  as  great. 

This  is  not  contrary  to  theory  as  it  may  seem  to  be  since  one 
very  essential  element  has  been  omitted  in  the  data  of  Mr.  Rug- 
gles'  paper,  namely  the  velocity  and  direction  of  the  wind,  and 
it  is  reasonable  to  assume  that  in  November  the  amount  of  wind 
would  be  considerably  greater  than  during  May  or  July.  The 
direction  of  the  wind  would  also  have  a  considerable  effect,  since 
a  wind  blowing  the  long  way  of  the  reservoir  would  produce  a 
lower  rate  of  evaporation  than  one  which  blew  crosswise. 

Mr.  Ruggles  gives  for  the  average  temperature  of  the  reser- 
voir the  mean  of  the  temperature  of  the  intake  and  the  condenser 
discharge.  As  a  matter  of  fact,  it  could  be  but  little  higher 
than  the  temperature  of  the  intake.  He  assumes  that  the  steam 
rejected  by  the  engines  was  of  100  per  cent  quality.  The  quality 
was  probably  not  far  from  85  per  cent  and  might  be  as  low  as 
80  per  cent.  His  figures  on  the  amount  of  heat  delivered  to  the 
reservoir  are  therefore  about  20  per  cent  too  high. 

An  inspection  of  Mr.  Kuggies'  paper  would  lead  one  to  expect 
that  a  cooling  pond  would  dispose  of  3i^  b.t.u.  per  sq.  ft.  per  hr. 
per  deg.  difference  in  temperature  between  the  water  in  the  pond 
and  the  air.  When,  however,  the  temperature  of  the  condenser 
intake  is  taken  for  the  temperature  of  the  pond,  and  a  quality  of 
84  per  cent  is  assumed  for  the  steam  discharged  to  the  con- 
densers, the  b.t.u.  per  sq.  ft.  per  hr.  per  deg.  difference  in  tem- 
perature ranges  from  4.13  to  7.60,  being  higher  in  hot  weather 
than  in  cold  weather.  This  is  as  it  should  be,  since  the  relative 
humidity  is  less  and  the  vapor  pressure  difference  and  rate  of 
evaporation  are  greater  in  hot  weather. 

The  average  rate  of  evaporation  for  the  week  is  not  the  rate 

^  For  the  development  of  this  theory  and  its  application  to  the  design  of 
cooling  ponds  see  Practical  Thermodynamics,  McGraw-Hill  Book  Co.,  pp. 
264-267. 
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of  evaiH)rati()n  which  woiihl  he  produced  hy  the  average  condi- 
tions of  temperature  and  humidity  for  the  week.  On  this  ac- 
count, and  because  the  weather  cannot  be  predicted  in  advance, 
and  on  account  of  the  great  variations  of  weather  conditions  to 
be  expected,  it  is  foolish  to  attempt  any  degree  of  refinement  in 
the  design  of  cooling  ponds.  It  is  not  desired  to  design  a  cool- 
ing i)ond  which  will  give  an  intake  temperature  of  90  deg.  at 
2  o'clock  in  the  afternoon  on  July  1,  but  to  design  one  which 
will,  when  used  in  connection  with  the  other  apparatus  of  the 
station,  give  the  required  power  output  at  a  minimum  total  cost. 
Either  the  data  given  by  Mr.  Kuggles  or  the  method  mentioned 
in  this  discussion  will  enable  one  to  do  this. 

AYm.  T.  Donnelly  said  he  had  discussed  the  elements  of  the 
subject  with  the  author  before  the  design  of  the  reservoir  and 
afterwards  had  discussed  the  results.  It  seemed  to  him  that  more 
depended  upon  the  humidity  of  the  air  than  upon  any  other 
single  factor.  The  atmosphere  must  be  considered  as  a  condenser 
and  the  rate  of  flow  of  vapor  into  the  atmosphere  is  affected  very 
much  by  the  condensation. 

In  the  winter  the  greater  evaporation  is  due  to  the  relatively 
lower  humidity  of  the  air,  and  the  passing  off  of  the  vapor  from 
the  warm  surface  is  more  rapid  on  that  account.  The  author  is  to 
be  commended  for  giving  information  along  new  lines  dealing 
with  manufacturing  conditions  as  met  with  all  over  the  country, 
and  it  is  not  necessary  to  have  it  to  the  third  or  fourth  decimal 
place  to  make  it  useful. 

Willis  H.  Carrier.  As  Professor  Cardullo  suggested,  it 
would  seem  that  the  rate  of  heat  transfer  would  be  in  direct  pro- 
portion to  the  total  heat  difference  in  the  air  at  the  air  tempera- 
ture, and  at  a  saturated  air  temperature,  corresponding  to  the 
water  temperature  of  the  air  in  the  pond.  In  other  words,  there 
is  a  certain  amount  of  heat  in  the  natural  air  to  start  with,  which 
being  in  immediate  contact  with  the  pond  is  raised  to  and  satu- 
rated at  the  temperature  of  the  pond,  so  that  the  amount  of  heat 
taken  away  from  the  pond  under  the  same  conditions  of  wind 
would  be  in  direct  proportion  to  this  total  heat  difference.  This 
would  naturally  lead  to  the  conclusion  that  there  would  be  a 
much  higher  rate  i)er  degree  difference  at  the  high  temperatures 
as  the  total  heat  of  saturated  air  increases  very  rapidly  at  the 
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higher  temperatures.  But  this  is  not  so,  and  Professor  CarduUo 
has  oli'ered  an  explanation  why  it  is  not.  From  an  engineering 
standpoint  it  is  very  interesting  to  know  that  the  rate  of  heat 
transfer  is  much  greater  in  the  months  when  tlie  air  is  cooler 
and  the  temperature  of  the  pond  is  lower,  so  that,  as  Professor 
CarduUo  says,  calculations  may  be  made  upon  the  summer  con- 
ditions with  very  little  wind. 

There  is  also  another  point  to  be  taken  into  account  where 
there  is  no  forced  circulation,  that  is,  that  when  the  tempera- 
ture increases,  the  rate  of  transmission  would  also  be  increased 
by  the  fact  that  the  natural  air  currents  produced  by  this  tem- 
perature are  increased,  producing  an  induced  circulation.  Just 
what  the  effect  of  this  is  and  what  the  laws  governing  it  are  is 
very  difficult  to  determine,  but  probably  they  are  very  similar 
to  those  of  direct  radiation,  which  would  give  a  greater  rate  of 
transfer  at  a  greater  temperature  difference.  This,  however, 
does  not  seem  to  be  of  much  interest  from  a  practical  stand- 
point. So  many  variables  enter  into  the  conditions  that  the  ap- 
proximate constants  as  shown  by  the  results  of  these  tests  may 
be  accepted  as  the  average  conditions. 

Mr.  Carrier  believes  that  certain  statements  made  by  Mr.  Don- 
nelly with  reference  to  the  effect  of  the  humidity  upon  the  rate 
of  heat  transfer  may  be  somewhat  in  error.  It  was  stated  that 
the  greater  heat  transfer  may  be  accounted  for  in  cooler  months 
bj^  the  lower  relative  humidity.  The  fact  is  that  it  is  the  reverse. 
The  relative  humidity  according  to  all  weather  bureau  readings 
is  lower  during  the  hotter  months  than  during  the  spring  and 
fall.  There  is  a  considerable  higher  relative,  not  absolute,  hu- 
midity in  the  fall  and  spring.  The  question  is  rather  one  of 
wet-bulb  temperature,  which  is  the  only  temperature  worth  con- 
sidering, because  that  is  the  measure  of  the  total  heat  in  the  air, 
and  it  is  the  temperature  at  which  water  will  arrive  if  sub- 
jected to  the  air  for  a  sufficient  time.  The  effect  of  the  relative 
humidity,  of  the  lower  relative  humidit}^,  is  one  of  a  low  wet- 
bulb  temperature,  and  the  amount  of  evaporation  that  occurs  is 
measured  by  the  difference  between  the  water  temperature  and 
the  wet-bulb  temperature.  The  relative  humidity  plays  but  a 
small  part  in  this. 

The  Author.  There  is  no  doubt,  as  Professor  CarduUo  states, 
that  the  direction  and  force  of  the  wind  have  considerable  influ- 
ence on  the  amount  of  evaporation,  but  as  these  tests  were  made 
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in  order  to  obtain  some  practical  and  reasonable  basis  for  esti- 
inating-  the  size  of  a  reservoir  required  for  any  particular  plant 
and  not  for  a  mere  academic  discussion  of  theories,  the  amount  of 
wind  was  purposely  omitted  as  introducing  an  uncertain  factor 
which  would  be  of  no  future  use.  Moreover  the  author  considered 
the  average  of  three  different  weeks  widely  separated  would  give 
a  fair  average  of  yearly  conditions. 

Professor  Cardullo  is  mistaken  regarding  the  average  tempera- 
ture of  the  pond  being  nearly  the  temperature  of  the  intake,  and 
the  author  cannot  understand  where  he  could  get  such  informa- 
tion. Actual  readings  100  ft.  apart  show  the  mean  temperature, 
as  he  stated,  to  be  the  average  between  the  tail  water  temperature 
and  that  of  the  intake  water. 

Presumably  Professor  Cardullo  in  referring  to  the  quality  of 
the  steam  being  only  about  80  per  cent  or  85  per  cent  meant  the 
percentage  of  dryness  and  probably  had  in  mind  the  steam  as 
it  left  the  low-pressure  cylinders  or  as  it  entered  the  condenser. 
But  as  the  amount  of  steam  figured  was  that  which  entered  the 
engine  and  was  corrected  by  calorimeter  test  for  moisture,  and  as 
all  the  heat,  except  that  utilized  for  power,  went  into  the  con- 
denser and  reservoir  and  a  very  small  percentage  was  due  to 
radiation  from  the  engine  cylinders,  his  criticism  of  the  tests  in 
this  respect  is  futile. 

Tn  making  these  tests  the  author  had  no  idea  that  the  results 
obtained  would  be  absolute,  but  thought  that  they  would  throw 
light  on  a  subject  which  as  far  as  he  was  able  to  learn  had  not 
been  treated  before. 


RESULTS  OF  TESTS  ON  THE  DISCHARGE 
CAPACITY  OF  SAFETY  VALVES 

By  E.  F.  MiLLEK  AND  A.  B.  Carhart,  Published  in  The  Journal  for  February 
ABSTRACT  OF   PAPER 

The  paper  gives  the  results  of  a  series  of  tests  made  on  the  discharge  capacity 
of  3-in.  and  S^-in-  locomotive  pop  safety  valves  at  varying  lifts  under  200  lb. 
boiler  pressure,  also  results  of  tests  on  the  discharge  capacity  of  3-in.  and  3^-in. 
inspector  valves  of  the  flat-seated  and  bevel-seated  types  under  100  and  150  lb. 
gage  pressure.  In  all  of  the  tests  the  steam  was  condensed  in  a  surface  condenser 
and  the  condensation  weighed.  The  tests  were  run  from  30  minutes  to  1  hour  in 
duration  so  that  errors  of  weighing  were  reduced  to  a  minimum.  In  aU  of  the 
tests  the  valve  was  set  a  definite  distance  from  its  seat  and  held  rigidly,  the 
spring  of  the  valve  having  been  removed. 

Results  of  the  tests  are  given  both  in  the  form  of  a  plot  and  numerically. 

DISCUSSION 

Chas.  H.  Chase.  The  records  of  these  tests  give  an  opportunity 
tor  the  calculation  of  an  average  constant  for  comparison  with  the 
constant  of  Napier's  equation  and  with  the  constant  determined 
by  a  series  of  experiments  which  were  described  in  a  paper  ^  present- 
ed before  the  Society  in  1909. 

That  series  of  tests  was  made  on  3-in.,  3|-in.,  and  4-in,  valves 
of  the  stationary  type,  and  on  l|-in.,  3-in.  and  3|-in.  locomotive 
type  valves.  The  valve  springs  were  removed  and  the  lift  of  the  valve 
disc  was  controlled  in  each  test  by  a  sohd  threaded  spindle  carried 
by  the  valve  case.  The  discharge  was  found  by  weighing  the  feed- 
water,  the  water  level  being  kept  constant.  The  steam  had  an 
average  superheat  of  37.2  deg.  fahr.  All  of  the  valves  had  45  deg. 
bevel  seats,  and  the  discharge  areas  were  found  by  the  equation 

a  =  2.22XDXl+l.nxl^ 
except  in  two  of  the  24  tests  where  the  valve  lift  was  greater  than 

1  Safety  Valve  Capacity,  P.  G.  Darhng,  Trans.  Am.  Soc.  M.  E.,  vol.  31,  p.  109. 

Presented  at  the  Boston  Meeting,  March  16,  and  at  the  Spring  Meeting, 
Cleveland,  O.,   1912,  of  The  American  Society  of  Mechanical  Engineers. 
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the  depth  of  seat  and  then  the  equation  used  was 

a  =  2.22XDXd+l.liXd''-\-DX{l-d) 
m  which  Z)  =  diameter  of  valve,  Z  =  valve  lift,  d  =  depth  of  valve  seat. 
Th(^  average  constant  for  the  tests  was  47.5,  to  compare  with 

TABLE  4  VALUES  OF  CONSTANTS  WITH  LIFTS  AND  AREAS  OF 

DISCHARGE 

3-In.  Regular  Bevel  Seat 
Pressure  100  Lb.  Gage 


Lift 

E 

= 

Constant 

X 

a 

X 

p 

0.0207 

806 

= 

50.8 

X 

0.1383 

X 

114.7 

0.0507 

2054 

= 

52.6 

X 

0.3405 

X 

114.7 

0.0807 

3264 

= 

52.1 

X 

0.5447 

X 

114.7 

0.1007 

4065 

= 

52.0 

X 

0.6819 

X 

114.7 

3-In.  Regular  Bevel  Seat 
Pressure  150  Lb.  Gage 


Lift 

E 

=        Constant 

X 

a 

X 

P 

0.021 

1225 

53.0 

X  ' 

0.1403 

X 

164.7 

0.051 

2961 

52.5 

X 

0.3425 

X 

164.7 

0.081 

4608 

51.2 

X 

0.5467 

X 

164.7 

0.1010 

5743 

61.0 

X 

0.6840 

X 

164.7 

3K-In.  Bevel  Seat 

Pressure  100  Lb. 

Gage 

Lift 

E 

=           Constant 

X 

a 

X 

P 

0.0215 

972 

50.6 

X 

0.1676 

X 

114.7 

0.0515 

2384 

51.5 

X 

0.4031 

X 

114.7 

0.0815 

3810 

51.9 

X 

0.6406 

X 

114.7 

0.1015 

4690 

51.2 

X 

0.8001 

X 

114.7 

3H-In.  Bevel  Seat 

Pressure  150  Lb, 

.  Gage 

Lift 

E 

=           Constant 

X 

a 

X 

P 

0.0222 

1484 

52.1 

X 

0.1730 

X 

164.7 

0.0522 

3495 

51.9 

X 

0.4086 

X 

164.7 

0.0822 

5454 

51.2 

X 

0.6462 

X 

164.7 

0.1022 

6854 

51.6 

X 

0  8057 

X 

164.7 

the  value  51.4  in  Napier's  equation 

E  =  constant  XaXP 
for  discharge  in  pounds  per  hour. 

In  the  tests  of  3-in.  and  3^-in.  valves  with  bevel  seats  now  under 
discussion,  the  lift  was  greater  than  the  depth  of  valve  seat  at  0.08 
and  0.10  in.     However,  as  a  perpendicular  from  the  lower  angle 
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of  the  valve  disc  does  not  clear  the  seat  in  either  case,  there  remains 
a  discharge  orifice  bounded  by  two  parallel  conical  surfaces  as  on 
the  lower  lifts,  and  the  same  method  of  calculation  for  discharge 
area  may  be  used. 

Table  4  gives  the  values  of  the  constants  together  with  the  lifts 
and  areas  of  discharge.  Here  the  average  value  of  the  constant 
is  51.7. 

If  the  calculation  of  discharge  areas  for  lifts  greater  than  the 
depth  of  valve  seat  is  made  in  the  same  way  as  in  the  tests  quoted, 
the  average  value  of  all  the  constants  becomes  49.0.  That  method 
is,  however,  inadmissible  for  the  reason  given  in  Par.  4  of  this  dis- 
cussion and  we  are  brought  to  the  conclusion  from  these  tests  that 
for    lifts  up  to  0.10  in.  the  discharge  of  dry  steam  for  valves  with 
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steam 
Fig.   16.     Showing  Varying  Pressures  Affecting  Lift  of  Valve 


bevel  seats  may  be  found  very  closely  by  the  direct  application  of 
Napier's  equation. 


W.  Trinks.  It  occurs  to  me  that  the  mosL  important  part  of 
Professor  Miller's  paper  has  been  omitted.  We  can  predict  with 
some  degree  of  accuracy  how  much  steam  a  valve  is  going  to  dis- 
charge for  a  given  lift,  but  it  takes  a  very  wise  man  to  predict  the 
lift,  for  this  reason:  The  region  around  the  valve  seat  is  a  nozzle 
so  that  at  line  1,  Fig.  16,  the  pressure  will  be  less  than  at  line  2 
and  that  again  less  than  at  line  3,  etc.;  but  the  pressure  over  the 
whole  plate,  plus  the  lip  for  popping,  keeps  the  valve  open  against 
the  compressed  spring.  For  heavy  flow  there  must  be  equilibrium 
between  spring  force  and  static  and  dynamic  steam  forces.     To  pre- 
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diet  the  lift  of  the  valve  one  needs  the  distribution  of  the  pressure 
Hues  1,  2,  3,  4,  etc.,  over  the  valve  face.  While  the  tests  in  ques- 
tion were  made  the  distribution  of  pressure  might  have  been  tested. 
It  is  desired  to  know  whether  such  tests  were  ever  made  and  if  so, 
when  they  have  been  published. 

A.  B.  Carhart.  The  tests  were  part  of  the  experimental  work 
incidental  to  proposed  improvements  in  safety  valve  design,  and  the 
measurements  obtained  were  intended  to  be  kept  as  private  informa- 
tion. The  purpose  was  not  to  determine  the  maximum  amount 
of  steam  which  could  be  discharged  under  any  extreme  conditions 
of  valve  adjustment.  The  tescs  give  simply  the  desired  positive 
and  quantitative  measure  of  the  effect  of  certain  definite  modifica- 
tions of  the  contour  of  the  orifice  at  the  valve  seat,  in  forms  adapted 
to  ordinary  commercial  uses. 

Special  care  was  taken  to  insure  dry  steam,  and  this  was  shown 
to  be  at  all  times  between  0.995  and  0.999  dry,  measured  close  to 
the  safety  valve  inlet.  Obviously  the  weight  of  steam  apparently 
passed  would  have  been  considerably  greater  if  it  had  been  wet. 
The  steam  was  measured  by  condensation  of  the  discharge,  for 
weighing  the  feedwater  would  have  given  only  approximations  that 
would  not  be  tolerated  in  boiler  tests  or  other  steam  measurements. 

The  form  of  the  curves,  which  closely  approximate  straight  lines 
passing  through  the  origin  at  zero,  indicates  well  designed  propor- 
tions of  the  orifices  at  the  various  lifts,  and  tends  to  the  conclusion 
that  the  curves  may  reasonably  be  projected  further  to  indicate 
the  discharges  for  the  slightly  higher  lifts  sometimes  desired  and 
attained  in  these  valves  under  actual  working  conditions. 

As  the  basis  of  comparison  with  the  results  that  may  be 
predicted  by  applying  Napier's  formula  to  the  calculation  of 
safety  valve  discharges,  the  constant  derived  from  Professor 
Miller's  tests  might  perhaps  be  more  conveniently  taken  with 
reference  to  70,  as  used  in  the  ordinary  form  of  Napier's 
equation,  rather  than  with  the  transposed  value  of  51.4  re- 
ferred to  in  the  form  used  by  Professor  Chase.  The  discharges 
measured  by  Professor  Miller  show  a  value  of  the  constant  of 
69.68  as  the  average  of  all  his  measurements  of  the  bevel-seated 
valves,  or  a  value  of  69.93  as  the  a;Verage  of  the  eight  tests  at 
the  normal  lifts  of  0.08  and  0.10  in.,  showing  a  very  close  approx- 
imation to  the  value  of  70  of  Napier's  formula.  This  seems  to 
establish  the  reasonableness  of  applying  Napier's  equation  to 
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the  calculation  of  the  discharge  of  safety  valves  of  the  type 
tested  by  Professor  Miller,  but  the  writer  thinks  these  results 
will  hardly  justify  the  general  conclusion  stated  by  Professor 
Chase  that  "  the  discharge  of  dry  steam  for  valves  with  bevel 
seats  may  be  found  very  closely  by  the  direct  application  of 
Napier's  equation,"  for  obviously  the  equation  can  hardly  be 
directly  applied  to  all  valves,  since  in  the  earlier  tests  referred 
to  by  Professor  Chase,  with  which  he  makes  comparison,  the  dis- 
charges were  apparently  only  about  921^  per  cent  of  the  values 
given  by  Napier's  formula,  as  Professor  Chase  shows. 

In  comparing  the  present  bevel-seated  valves  with  other  valves, 
Professor  Chase  disregards  the  fact  that  although  both  are  called 
"  bevel-seated  "  (having  the  contacting  faces  at  an  angle  of  45 
deg.  to  the  vertical),  yet  the  form  of  the  approach  to  the  seat 
orifice,  and  the  passages  and  chambers  at  the  lip  of  the  valve 
were  entirely  different  in  design,  the  extreme  lip  of  the  disk  of 
the  valves  in  the  earlier  tests  turning  upward,  instead  of  down- 
ward as  in  the  valves  tested  by  Professor  Miller,  and  in  other 
ways  differing  so  that  they  can  hardly  be  directly  compared. 
Moreover,  in  the  earlier  tests,  no  account  was  taken  of  the  dif- 
ference in  the  expansion  of  the  spindle  and  the  valve  body,  or  of 
the  additional  lift  due  to  the  pressure  of  the  steam  against  the 
disk.  Professor  Miller  shows  that  these  may  be  considerable  in 
amount.  The  bevel-seated  valves  tested  by  Professor  Miller 
were  held  rigidly  in  place  by  screw  threads  directly  below  the 
seat,  ending  practically  on  the  level  with  the  steam-tight  joint, 
yet  even  in  this  case  the  additional  strain  beyond  the  set  opening 
in  the  various  cases  was  0.0007,  0.0010,  0.0015  and  0.0022  in.,  re- 
spectively, which  gave  an  additional  area  of  opening,  beyond  the 
amount  due  to  the  nominal  measured  lift,  averaging  2.9  per  cent 
and  in  the  maximum  case  amounting  to  7.5  per  cent  increase. 
In  the  case  of  the  flat-seated  valves,  where  the  control  was  about 
2  in.  above  the  valve  seat  (Fig.  2)  the  additional  strain  due  to 
the  steam  pressure  beyond  the  measured  lift  was  in  the  various 
cases  0.0024,  0.0044,  0.0022  and  0.0032  in.  This  is  several  times 
greater  than  in  the  case  of  the  bevel-seated  valves,  which  were 
controlled  much  nearer  the  valve  seat;  and  this  greater  per- 
centage of  increase  in  discharge  area  was  found,  although  the 
area  of  the  disk  upon  which  the  additional  pressure  was  exerted 
is  much  smaller  than  in  other  valves.  If  the  screw-thread  con- 
trol of  the  spindle  carrying  the  disk  were  still  further  from  the 
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seat,  at  a  distance  of  perhaps  8  or  10  in.,  the  amount  of  actual 
openino;  of  the  valve  heyond  the  measured  opening  as  set  must 
inevitably  be  considerabl}^  greater  than  the  amounts  determined 
by  Professor  Miller,  and  would  thus  modify  the  calculation  of 
the  percentage  of  dischai-gc  and  the  relative  value  of  the  con- 
stant to  be  compared  with  Napier's  constant  in  such  cases,  so  as  to 
have  reduced  appreciably  the  apparent  indicated  percentage  effi- 
ciency of  discharge.  In  Professor  Chase's  illustration  of  the 
effect  of  using  an  erroneous  formula,  which  he  says  is  inadmissi- 
ble, he  applies  it  to  12  cases  out  of  24  in  Professor  Miller's  report; 
whereas  in  the  earlier  tests  he  refers  to,  it  was  used  in  only  two 
cases  out  of  24.  Therefore  the  value  of  the  constant  as  then  de- 
termined could  not  have  been  greatly  affected. 

If  it  were  to  be  assumed,  in  the  case  of  the  flat-seated  locomo- 
tive valves  tested  b}^  Professor  Miller,  that  all  of  the  steam  dis- 
charged had  passed  over  the  outer  seat  alone,  the  percentage  of 
the  discharge  would  have  averaged  108.5  per  cent  for  the  valves 
having  the  square  edge  seat  and  121,2  per  cent  for  the  valves 
with  the  seat  having  the  rounded  edge,  as  compared  with  the 
discharge  to  be  predicted  for  the  same  areas  of  discharge  orifice, 
calculated  according  to '  Napier's  formula,  taken  as  100  per 
cent.  This  simply  establishes  what  has  been  so  often  asserted, 
that  approximately  15  to  18  per  cent  of  the  total  discharge  of 
these  valves  is  through  the  openings  through  the  hollow  arms 
leading  from  the  central  well,  b}^  which  the  amount  of  the  valve 
lift  and  the  closing  pressure  are  regulated,  affording  therefore 
this  additional  by-passed  flow  of  steam  through  the  central  pas- 
sages, independent  of  and  in  addition  to  the  main  discharge 
over  the  outer  flat  seat.  And  there  is  the  other  interesting  com- 
parison, that  by  reason  of  these  seats  being  flat,  instead  of  bev- 
eled at  an  angle  of  45  deg.,  the  calculated  discharge  orifice,  for 
the  same  lift,  is  nearly  V/n  times  as  great  as  in  the  valves  of  the 
same  seat  diameter  with  the  45  deg.  angle. 

The  original  and  onlj^  purpose  of  Professor  Miller's  tests  of 
the  locomotive  valves  was  to  determine  the  actual  increase  in  the 
rate  of  steam  discharge  due  to  rounding  the  edge  of  the  valve 
seat.  In  order  to  measure  exactly  the  effect  due  entirely  to  this 
change  in  design,  it  was  necessary  to  remove  the  springs  and  to 
secure  the  valve  disks  at  the  predetermined  lifts.  When  such 
valves  are  operating  in  ordinary  service  with  the  usual  springs 
the  amount  of  lift  is  undoubtedly  not  always  the  same  and  is  not 
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iinifoi-mly  niiiiTitained  througlioiil  tlie  period  of  blowinii';  never- 
theless  these  tests  do  establish  the  fact  that  if  these  valves  are 
regulated  under  the  operation  of  the  spring  so  as  to  lift  0.05, 
0.08  or  0.10  in.,  as  may  he  desired,  then  the  steam  discharge  must 

TABLE  5    BEVEL-SEATED,  IRON-BODY  VALVES  AT  100  LB.  AND  150  LB.  WORKING 
PRESSURE.     AS  TESTED  BY  PROFESSOR  MILLER 


a 

«M 

b.  per 
ted  by 
mula 
ea  and 

reent- 
ry up- 
Pre- 
arge 

03  .-S'^ 
0 

6 

S 

h4  g 

1-5.2  5;? 

^Kl 

n^ 

"3 
> 

'o 

2 

3 

•"  £  m  «  n 
-f=  O  03  iH  OJ 

.2  03  ex) 

02 

< 

< 

< 

Q 

p 

p 

W 

3 

0.0207 

0.1384 

110.4 

879 

890.43 

98.72 

70.92 

3 

0.0507 

0.3406 

109.2 

2219 

2170..30 

102.24 

68.49 

3 

0.0807 

0.5447 

108.3 

3.500 

3445.61 

101.58 

68.96 

3 

0.1007 

0.6820 

109.8 

4412 

4366.75 

101.04 

69.44 

3 

0.0210 

0.1404 

161.9 

1313 

1275.15 

102.97 

68.02 

3 

0.0510 

0  3426 

154.9 

3049 

2988.26 

102.03 

68.49 

3 

0.0810 

0.5468 

152.2 

4070 

4693.42 

99.50 

70.42 

3 

0.1010 

0.6840 

151.3 

5788 

5839.40 

99.12 

70.42 

3H 

0.0215 

0.1676 

110.2 

1058 

1076.57 

98.28 

71.42 

3H 

0.0515 

0.4031 

105.0 

2488 

2481.48 

100.26 

69.93 

3H 

0.0815 

0.6407 

102.0 

3878 

3845.30 

100.85 

69.44 

3H 

0.1015 

0.8001 

102.4 

4788 

4818.43 

99.37 

70.42 

3H 

0.0222 

0.1730 

152.2 

1504 

1484.93 

101.28 

68.96 

3H 

0.0522 

0.4086 

151.1 

3518 

3484.07 

100.97 

69.44 

3H 

0.0822 

0.6462 

154.9 

5616 

5636.34 

99.64 

70.42 

SVi 

0.1022 

0.8057 

147.4 

6746 

6716.77 

100.43 

69.93 

Average  of  16  tests,  percentage  efficiency 100.517 

Average  of  8  tests,  at  normal  lifts  of  0.08  and  0.10  only 100.191 

Average  of  16  tests,  equivalent  value  of  constant 69.68 

Average  of  8  tests,  at  normal  lifts  of  0.08  and  0.10  only 69.93 

Orifice  areas  calculated  by  full  formula,  A  =2.22  Dl-\-\.\\  P. 
Data  taken  from  Professor  Miller's  test  of  1910. 

Showing  rates  of  discharge  slightly  exceeding  rate  predicted    by  Napier's  formula,   but 
fairly  confirming  its  accuracy,  as  applied  to  these  values. 

Napier's  formula,  W  (per  second)  =AreaX '- '■ 

70 

inevital)ly  be  at  tlie  rates  given  in  this  report.  He  showed  for 
example  that  the  \'alves  with  the  rounded  seat  edge  discharged 
an  average  of  11.5  per  cent  more  steam  than  the  valves  with  the 
square  edge  seat,  the  increase  being  12.3  per  cent  in  the  case  of 
the  3-in.  locomotive  valve  at  0.05  and  0.10  in.  lift. 
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As  it  was  not  Professor  Miller's  purpose  in  measuring  the  dis- 
charges of  the  bevel-seated  and  flat-seated  iron-body  valves,  to 
make  anj'^  direct  comparisons  with  the  results  of  the  tests  of 
any  other  valves  or  with  any  other  experiments  made  at  different 
times  for  other  purposes,  the  writer  has  not  attempted  to  present 
any  such  calculations.  But  the  actual  measurements  showed  an 
average  discharge  by  the  flat-seated  iron-body  valves  46.5  per 
cent  greater  than  in  the  bevel-seated  valves  at  the  same  fixed 
lifts;  the  increase,  for  example,  averaged  52.2  per  cent  in  the 
case  of  the  3-in.  valves  at  100  lb.  pressure.  The  discharge  of  all 
the  3-in.  flat-seated  valves  was  49.5  per  cent  greater  than  of  all 
the  3-in.  bevel -seated  valves,  and  the  average  increase  was  49.2 
per  cent  in  the  case  of  all  flat-seated  valves  of  both  sizes  at 
100  lb.  pressure. 

Table  5,  showing  the  comparison  of  Professor  Miller's  results 
with  the  discharges  to  be  predicted  by  applying  Napier's 
forjnula  to  the  nominal  discharge  areas  through  the  seats  of  the 
bevel -seated  valves,  uiav  be  of  interest. 


R.  F.  Miller  desires  to  present  no  closure. — Editor. 


THE  PRESENT  STATE   OF  DEVELOPMENT  OF 
LARGE  STEAM  TURBINES 

By  a,  G.  Christie,  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

This  paper  deals  with  the  present  state  of  development  of  leading  types  of 
large  steam  turbines,  some  details  of  construction,  the  commercial  results  ob- 
tained and  some  new  uses  to  which  steam  turbines  have  been  put.  It  also  points 
out  the  probable  tendencies  of  steam-turbine  development. 

For  the  purposes  of  discussion,  large  steam  turbines  are  divided  into  two  types, 
fundamental  and  modified  or  combined.  The  weak  elements  of  the  fundamental 
types  are  discussed  and  the  advantages  of  the  new  types  pointed  out.  Some 
new  constructons  are  shown  in  section. 

The  details  of  construction  are  discussed  fully.  A  table  with  brief  notes  on 
the  details  of  construction  of  individual  types  is  included  for  rapid  comparison  of 
the  practice  of  various  manufacturers.  The  different  types  are  also  compared 
on  the  basis  of  efficiency  as  shown  by  pubhshed  results  of  tests. 

The  present  status  of  low-pressure  turbines,  turbo-compressors,  turbo-driven 
pumps,  geared  turbines  and  marine  turbines  is  discussed  briefly.  The  closing 
paragraphs  deal  with  the  probable  trend  of  steam  turbine  development  and 
future  possibihties. 

DISCUSSION 

F.  HoDGKiNSON.  In  the  table  showing  the  characteristics  of 
turbines  of  different  mamifactiirers  there  are  certain  points  that 
the  writer  would  like  to  add  to  or  correct  in  reference  to  the  ma- 
chines built  by  the  Westinghouse  Machine  Company,  first  respect- 
ing speeds. 

Speeds  have  been  increasing  latelj'  for  60-cycle  work.  For 
sizes  of  from  3000  to  10,000  kw.  1800  r.p.m.  is  the  speed  employed 
and  for  larger  powers,  1200  r.p.m.  For  25-cycle  work,  1500  r.p.m. 
is  employed  u]>  to  a  rating  of  15,000  kw.  (normal),  or  20,000  kw. 
(maximum).  A  speed  of  750  r.p.m.  is  not  likeh^  to  be  employed 
for  capacities  of  less  than  30,000  or  40,000  kw. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Streef,, 
New  York.     All  discussion  is  subject  to  revision. 
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The  speed  of  impulse  blading,  as  employed  by  the  Westing- 
house  Company,  varies  with  the  different  types  from  350  to  500 
ft.  per  sec.  The  speed  of  the  reaction  or  Parsons  blading  at  the 
low  pressure  depends  upon  the  steam  volumes  involved  and  varies 
from  300  to  500  ft.  per  sec,  the  latter  in  the  case  of  large  ma- 
chines Avhere  constriction  in  the  exhaust  must  be  avoided  on  ac- 
count of  the  large  volume. 

The  journal  speeds  are  higher  than  Professor  Christie  points 
out.  Journal  speeds  reach  80  ft.  per  sec.  and  pressures  100  lb. 
per  sq.  in.  of  projected  area,  and  this  pressure  may  be  materially 
increased  without  encountering  wear  of  the  bearings,  provided 
the  proper  flooded  lubrication  is  employed  and  bearings  are  sensi- 
bly designed.  With  higher  surface  speeds  a  little  more  oil-cool- 
ing capacit}^  will  be  necessary  on  account  of  the  greater  rate  of 
shear  of  the  oil.  A  good  warm  temperature,  not  less  than  150 
deg.,  is  conducive  to  high  economy. 

Concerning  the  economies  of  turbines,  Professor  Christie 
quotes  the  opinion  of  European  engineers,  that  higher  economy 
is  to  be  obtained  from  impulse  elements  of  the  Eateau  or  Zoelly 
types,  rather  than  with  impulse  elements  of  the  Curtis  design. 
The  writer  believes  this  to  be  a  generally  accepted  fact  and  in 
the  case  of  the  latter  type  is  doubtless  due  to  the  low  efficiency 
of  the  last  row  of  moving  blades.  Apparently  having  once  ex- 
panded, steam  eddies  are  brought  about  each  successive  time  the 
steam  is  put  through  the  blade  elements.  Somebody  has  re- 
marked that  the  fourth  row  in  a  Curtis  element  has  never  been 
found  useful.  Theoretically  it  is  useful,  but  in  practice,  except 
for  very  high  pressure  drops,  it  has  not  been  found  so. 

It  would  seem  that  the  reaction  turbine,  unless  it  be  subjected 
to  some  disability,  may  be  more  economical  than  either  of  the 
other  types.  With  any  impulse  turbine  there  are  necessarily  two 
complete  conversions  of  energy,  the  first  expanding  the  steam 
through  the  nozzle,  the  steam  doing  work  in  giving  itself  veloc- 
ity ;  and  the  second  extracting  the  velocity  of  the  steam.  Both  of 
these  transformations  of  energy  are  subject  to  losses,  the  second 
greater  than  the  first.  If  the  nozzles  were  permitted  to  revolve, 
and  the  turbine  had  no  blades  at  all,  obviously  such  a  turbine 
would  be  the  more  efficient.  The  reaction  or  Parsons  turbine  is 
such  a  machine,  but,  unfortunately,  it  is  subject  to  leakage.  How- 
ever, with  higher  speed  machines  and  capacities  that  lend  them- 
selves to  good  proportions  of  blading,  this  leakage,  particularly 
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at  the  low-pressure  end,  is  a  very  small  factor,  and  such  a  turbine 
is  the  more  efficient.  These  features  are  emphasized  in  the  later 
high-speed  turbines,  particularly  of  the  combination  type,  com- 
prising a  Curtis  turbine  element  for  the  high  pressure,  and  a  re- 
action element  for  the  low  pressure,  the  Curtis  element  as  referred 
to  the  regular  Parsons,  replacing  a  large  number  of  rows  of  re- 
action blading  at  a  small  diameter  with  the  attendant  greater 
axial  length,  or  a  smaller  number  of  rows  of  larger  diameter,  the 
blades  being  smaller  in  the  latter  case,  and  of  poor  proportions, 
subject  to  high  leakage. 

Of  late,  the  tendency  has  been  toward  higher  speeds,  which, 
within  reasonable  limits,  is  conducive  to  better  results,  not  only 
from  the  standpoint  of  economj',  but  also  from  the  standpoint  of 
operativeness.  As  Professor  Christie  has  stated,  congestion  at 
the  low-pressure  end  may  be  entirely  avoided  by  making  the  last 
portion  double-flow.  Higher  rotational  speed  involves  smaller 
diameters,  and  hence  better  blade  proportions  at  the  high  pres- 
sure end,  with  the  attendant  lesser  leakage.  In  addition  to  this, 
the  turbine  cylinder  structure  as  a  whole  is  much  smaller,  there 
is  less  distortion  of  structure  with  temperature  changes,  thus 
permitting  running  the  blades  with  smaller  clearances  if  it  is 
desired  to  do  so. 

Professor  Christie  very  properly  points  out  that  there  is  a 
lower  leakage  ratio  in  a  single-flow  turbine  than  in  one  of  double- 
flow  construction.  However,  the  choice  of  revolutions  is  limited 
on  account  of  the  standard  frequencies  employed.  While  reduc- 
ing the  speed  to  the  next  lower  one  available  may  permit  of 
single-flow  construction,  the  advantages  may  be  entirely  offset 
by  the  increased  clearances  which  must  be  employed,  simply  be- 
cause the  size  of  the  machine  has  so  materially  increased,  with 
the  attendant  greater  amount  of  distortion.  Therefore,  the  tur- 
bine having  the  low-pressure  sections  double-flow  is  frequently 
the  more  economical  machine.  It  is  very  convenient  to  be  able 
to  double  up  the  steam  passage  at  the  low-pressure  end,  because 
of  the  tremendous  rate  with  which  the  volimie  increases,  partic- 
ularly with  machines  designed  for  high  vacuum. 

Concerning  blade  troubles  and  blade  construction,  the  writer 
ventures  the  statement  that  no  turbine  built  by  a  reputable  man- 
ufacturer in  this  country  ever  came  to  grief  because  of  the  blades 
becoming  detached  or  breaking,  due  in  itself  to  centrifugal  force. 
Accidents  have  occurred  because  of  misalignment  or  distortion, 
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resulting  either  in  blades  collidino-  with  turhine  parts,  or  with 
one  another,  which  of  necessity  resulted  in  injury.  The  princi- 
pal source  of  blade  trouble  is  due  to  the  blades  buzzing  or  vibrat- 
ing in  the  steam  current.  The  natural  vibrating  period  of  the 
blade  may  be  raised  by  means  of  a  shroud,  or  other  form  of  lash- 
ing, but  not  eliminated. 

Fig.  12  shows  what  has  now  become  the  standard  construction 
for  reaction  blading,  as  employed  bj^  the  Westinghouse  Machine 
Company.  The  feature  is  an  interlocking  system,  the  strength 
of  which  is  equal  to  that  of  the  blade  itself.  The  blade  sections 
are  stronger  at  the  root  than  at  the  tip.     The  section   tapers 


Fig.   12     Blading  Used  in  Westinghouse  Turbines 

slightly  from  the  root,  thus  eliminating  the  chance  of  injury  due 
to  any  vibrating  or  buzzing,  should  it  exist. 

As  shown  in  Fig.  12,  the  bottom  end  of  the  blade  is  upset, 
which  is  truly  an  upsetting  process,  and  not  any  mere  bending, 
and  the  die  for  holding  the  blade  at  this  time  is  so  arranged  that 
the  section  of  the  blade  is  increased  in  thickness  throughout  its 
lower  portion,  this  latter  feature,  however,  not  being  clearly 
showm  in  the  illustration. 

The  dove-tailed  groove  in  the  blade  carrying  member  is  pro- 
vided with  a  supplementary  groove  in  the  floor  of  the  main 
groove,  into  which  fits  the  upset  end  of  the  blade.  The  latter 
locks   underneath  the   packing  pieces   which   occupy   the  main 
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groove.  The  larger  blades  are  provided  with  compound  wedges 
which  go  between  the  w^alls  of  the  groove  and  the  blades  and 
packing  pieces,  which  effectively  fills  the  groove  in  a  more  satis- 
factory manner  than  a  calking  strip.  In  the  case  of  the  smaller 
blades,  the  wedges  are  found  to  be  unnecessary,  owing  to  the 
lighter  sections  of  the  packing  pieces,  which  permits  them  to  fill 
the  groove,  when  driven  into  place.  Inasmuch  as  no  calking  of 
any  kind  is  resorted  to,  blades  may  be  taken  out  and  replaced  an 
indefinite  number  of  times. 

The  author  has  brought  out  an  important  point  in  the  matter 
of  standardization  of  ratings  for  turbines,  and  suggests  that  the 
Society  fix  a  rating  for  turbines,  defining  their  overload  capacity. 
While  this  may  be  a  little  difficult  to  do,  the  writer  cordially 
concurs  with  him  tliat  a  great  deal  of  confusion  exists. 

In  discussing  capacities  of  machines,  one  is  compelled  to  go  to 
some  explanation  as  to  what  is  meant.  The  kilowatt  rating  needs 
as  much  explanation  as  does  the  load  factor. 

Present  methods  cause  particular  confusion  in  the  statements 
of  the  cost  per  kilowatt  of  the  installation  of  a  turbine  station. 
To  standardize  ratings  may  be  difficult  unless  the  turbine  be  dis- 
sociated from  the  generator.  There  are,  however,  two  needs  of 
ratings  for  power-plant  work  today.  One  is  for  the  very  large 
power  plants,  such  as  the  Edison  plants,  which  have  a  large 
number  of  units  and  large  capacity,  and  the  condition  is  such 
that  if  the  machine  is  running  at  all  it  is  running  at  its  highest 
load.  Obviously  a  generator  in  such  a  plant  may  advantageously 
be  given  a  certain  maximum  continuous  rating  at  a  specified 
temperature  rise,  and  the  turbine  connected  to  it  arranged  to  give 
its  highest  economy  at  that  load,  and  need  have  no  overload  ca- 
])acity,  or  at  most  10  or  15  per  cent. 

The  other  kind  of  rating  required  is  that  needed  by  the  smaller 
plants  with  few  units,  the  plant  having  to  encounter  heavy  peaks 
at  certain  times  of  tlie  day.  Here,  while  the  generator  may  have 
a  certain  maximum  capacity  as  to  its  basis  of  rating,  the  turbine 
should  have  its  highest  economy  at  some  fraction  of  this  load. 
For  such  an  application  the  old  method  of  rating  machines  at  a 
normal  full  load,  with  a  60-deg.  rise,  would  seem  to  apply  to  the 
turbine  ha^■ing  its  best  economy  at  that  load  and  the  generator 
capable  of  carrying  25  per  cent  overload  continuously  and  both 
turbine  and  generator  capable  of  running  for  a  limited  time  at 
50  per  cent  overload. 
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That  system  of  rating  was  first  practised  in  this  country  in 
the  early  days  of  turbine  development  and  had  not  been  prac- 
tised in  Euro])e.  Tt  was  brought  about  !)y  the  turbine  having  to 
compete  with  the  Corliss  engines.  Latterly,  bnrga in-counter 
methods  of  buying  (an  expression  borrowed  from  Professor 
Christie)  have. caused  such  outfits  to  have  their  turbines  some- 
times given  a  maximum  rating  corresponding  to  the  50  per  cent 
overload  just  referred  to.  It  would  seem  entirely  feasible  to 
have  generators  uniformly  rated  on  maximum  continuous  load 
basis;  the  turbine,  how^ever,  to  haA-e  its  best  steam  consumption 
at  some  fraction  of  this,  depending  on  the  requirements  of  the 
installation,  and  with  overload  capacity  to  suit  the  maximum 
possible  load  on  the  generator. 

J.  A.  MoYEi{.  Interest  in  Professor  Christie's  paper,  in  the 
writer's  opinion,  centers  about  his  tabulation  of  recent  tests  of 
steam  turbines.  Such  a  tabulation  is,  however,  scarcely  complete 
if  it  does  not  include  the  very  elaborately  detailed  and  accurate 
test  of  a  Sulzer  turbine,  of  the  combined  impulse  reaction  type, 
reported  by  Professor  Stodola.^  At  the  load  showing  the  best 
economy,  2058  kw.,  the  steam  consumption  was  15.21  lb.  per  kw- 
hi\;  speed  was  1501  r.p.m.;  absolute  steam  pressure,  178.1  lb.  per 
sq.  in. ;  superheat  182  deg.  f ahr. ;  vacuum  referred  to  29.92  in. 
baiometer  was  28.41  in.  (0.740  lb.  per  sq.  in.  absolute  pressure). 
Calculated  from  these  data  the  b.t.u.  per  kw-hr.  on  the  basis  ex- 
plained in  Par.  69,  are  18,800;  the  heat  utilized  per  pound  of 
steam  224.5  b.t.u. ;  the  available  heat  per  lb.  of  steam  380.1  b.t.u. ; 
and  the  efficiency  i-atio  or  the  efficiency  of  the  Rankine  cycle  is 
59.1  per  cent.  The  generator  efficiency  was  low  for  a  machine  of 
this  size.  This  is  certainly  a  reliable  test  of  a  presumably  well- 
designed  turbine  of  the  Curtis-Parsons  type,  and  the  results  are 
not  particularly  favorable  when  compared  with  the  data  ordi- 
narily published  by  manufacturers  or  their  agents.  It  should  be 
clear,  therefore,  that  the  adoption  of  a  design  consisting  both  of 
impulse  and  reaction  stages  along  with  excellence  of  constructive 
details  does  not  necessarily  give  higher  efficiencies  of  the  Rankine 
cycle  than  other  types.  The  Sulzer  turbine,  however,  was  labor- 
ing with  one  disadvantage  in  that  it  had  three  rows  of  moving 
blades  and  two  rows  of  stationaiy  blades  instead  of  the  modern 
Curtis  construction  employing  two  rows  of  moving  and  one  row- 
of  stationary  blades  per  pressure  stage.     Furthermore,  it  has 

^  Zeits.  des  Vereines  deutscher  Ingenieure ;  October  28,  1911,  p.  1799. 
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never  been  shown  that  anything  is  gained  by  attaching  to  a  blade 
Avheel  more  than  two  rows  of  moving  bhides  or  buckets. 

The  writer  felt  that  tests  reported  as  showing  Eankine  efficien- 
cies greater  than  about  68  per  cent  should  be  accepted  only  with 
a  great  deal  of  caution.  To  be  more  definite,  he  was  not  sure  that 
the  data  of  the  first,  third  and  fiftli  tests  reported  in  Table  2 
might  be  accepted  without  reservation.  All  of  these  tests  are 
nothing  more  than  manufacturers'  statements,  not  properly 
verified.  At  a  glance  one  might  suppose  that  the  second  of  these 
tests,  taken  from  a  descriptive  article  in  the  Zeitschrift  des 
Vereines  deutscher  Ingenieure,  came  with  some  basis  for  consid- 
eration, but  the  test  itself  does  not  bear  the  earmarks  of  one  made 
with  verv  much  accuracv.  Practically  all  the  data  are  given  in 
round  numbers,  usually  indicating  approximation.  As  stated,  the 
load  is  exactly  6000  kw.,  the  steam  pressure  is  given  roughly  at  13 
atmospheres  absolute,  the  steam  temperature  averaged  apparently 
exactly  300  deg.  cent,  at  the  throttle  throughout  the  test,  and  the 
steam  consumption  per  kw-hr.  was  calculated  not  much  closer 
than  the  nearest  half-pound.  As  regards  the  fourth  test  cited, 
the  writer  is  inclined  to  agree  with  Mr.  Emmet  in  his  statement 
at  a  previous  meeting  of  the  Society  when  this  test  was  being 
discussed,  that  the  "  data  are  not  altogether  convincing."  It 
seems  to  me  that  we  should  be  very  careful  about  incorporating 
into  the  Transactions  reports  of  tests  of  boilers,  engines  and  tur- 
bines supported  onW  by  the  claims  of  manufacturers.  It  is  very 
desirable  that  such  tests  should  be  made  and  reported  by  well- 
known  engineers  who  have  no  financial  interest  in  the  business. 

The  statements  in  Par.  10  are  not  very  clear  as  regards  erosion 
or  cutting  of  the  blades.  There  is  very  little  erosion  of  the  blades 
in  either  the  Curtis  or  the  so-called  Curtis-Parsons  types  if  con- 
structed of  what  are  now  considered  by  experts  as  suitable  mate- 
rials. The  constant  erosion  of  continuous  operation  for  five  years 
will  have  very  little  effect  on  the  economy  of  the  turbine  as  com- 
pared with  the  corresponding  deterioration  of  a  reciprocating 
engine. 

The  writer  objected  to  another  manufacturer's  claim  as  given 
in  Par.  51,  where  it  is  stated  Mr.  Zoelly  "  claims  he  gets  the  best 
results  on  his  turbine  by  throttle  governing.'"  The  Zoelly  method 
of  governing  is  cheap  and  simple,  and  that  as  the  writer  under- 
stands it,  is  the  reason  for  its  adoption.  The  writer  would  like 
to  be  shown,  however,  by  authentic  tests  that  it  is  even  nearly  as 
good  as  some  other  types. 
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C.  V.  Kerr.  In  Par.  10  there  is  a  statement  as  to  the  wear  of 
the  bhuling  in  the  lower  stages  being  due  to  the  wetness  of  the 
steam.  In  the  double-cup  form  of  turbine  in  which  the  writer 
has  been  interested,  the  wear  of  the  blading  was  found  to  be 
in  the  upper  stages.  This  may  be  due  to  ihe  fact  that  a  greater 
proportion  of  the  available  energy  was  allowed  to  produce 
velocity  in  the  upper  stages,  Avith  the  idea  that  part  of  it  would 
be  transferred  to  the  lower  stages,  and  thus  equalize  the  power. 
Or  it  may  be  that  the  erosive  power  of  the  steam  is  greater  in 
these  upper  stages,  due  to  its  greater  density.  It  is  a  question 
whether  it  is  possible  to  equalize  this  wear  throughout  the  stages 
by  an  exact  division  of  the  availaljle  energy. 

In  his  connection  with  the  small  turbine  business  the  speaker 
had  to  do  with  the  driving  of  auxiliary  generators,  pumps  and 
bloAvers.  He  took  the  stand  that  his  company  wanted  to  Imow  the 
maximum  power  to  be  developed  by  a  turbine,  then  they  would  on 
their  test  put  into  the  turbine  a  little  more  than  that  maximum 
power  to  make  safe.  It  is  very  important  for  that  class  of  work 
and  he  thought  it  should  be  for  generator  work  also.  A  gen- 
erator is  supposed  to  stand  a  certain  noriiial  overload  for  a  cer- 
tain period.  What  is  the  use  of  putting  into  a  turbine  more 
power  than  is  recfuired  to  move  the  generator  at  that  power  and 
thus  cause  a  burning  out  or  other  difficulties?  The  small  steam 
turbine  builders  dropped  into  tlie  habit  of  selling  their  turbines 
on  the  basis  of  power  developed.  With  a  casing  of  a  given 
size,  however,  the  power  may  )je  doubled  or  quadrupled  by 
adding  nozzles.  But  the  small  steam  turbine  is  in  competition 
with  the  steam  engine  and  the  electric  motor,  and  they  are  gen- 
erally sold  on  the  power  basis.  It  is  the  practice  now  on  the  part 
of  at  least  two  of  the  small  steam  turbine  builders,  to  establish 
a  minimum  price  for  the  turbine  based  on  manufacturing  cost 
and  a  rating  upward  on  the  basis  of  additional  power  developed. 
Eegarding  the  manufacturers'  tests,  there  are  members  of  the 
Society  engaged  in  the  manufacturing  business  whose  study  of 
testing  methods  is  as  intense  and  of  as  high  an  order  as  any  who 
are  doing  testing.  Questions  are  being  raised  as  to  standard 
methods  of  testing  which  come  from  manufacturers'  engineers 
engaged  in  testing.  There  is  no  monopoly  of  engineering  honor 
in  one  particular  section  of  engineers.  Although  a  manufac- 
turer's engineer,  the  writer  stands  in  favor  of  accepting  all  engi- 
neers' tests  on  their  full  value,  for  it  is  a  mark  of  engineering 
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honor  and  a  recognition  oi'  honor  in  others.  He  also  believes 
that  it  is  a  mistake  on  the  part  of  any  engineer  to  put  out  data 
that  are  tainted  in  nny  way,  since  this  will  react  on  the  offender 
sooner  or  later. 

George  A.  Orrok  referred  to  Professor  Mover's  expressed 
doubt  of  the  figures  given  in  Table  2  of  the  paper  for  the  Erste 
Brunner  turbine.  The  results  had  seemed  to  him  to  be  extremely 
good,  and  he  had  investigated  them  by  writing  to  the  engineer 
Avho  made  the  tests,  Professor  K,  Koerner,  rector  of  the  German 
Technical  High  School  at  Prague,  who  vouched  for  the  data. 

Clarence  P.  Crissey.^  The  accepted  practice  is  to  divide  tur- 
l)ines  into  two  fundamental  types,  namely,  reaction  turbines  and 
impulse  turbines.  While  these  names  may  not  be  free  from  criti- 
cism, they  are  well  understood  and  seem  preferable  to  the  names 
Parsons,  Curtis  and  Eateau.  While  the  latter  terms  give  credit 
for  inventions  or  variations  in  design,  they  are  not  based  upon 
fundamental  principles  and,  therefore,  seem  undesirable. 

If  it  is  desired  to  subdivide  impulse  turbines  according  to  the 
manner  of  utilizing  the  steam,  the  following  classes  are  sug- 
gested : 

a  Impulse  turbines  with  only  one  velocity  stage  in  each 

pressure  stage 
1)  Impulse  turbines  Avith  two  or  more  velocity  stages  in 

each  pressure  stage 
c  Impulse  turbines  in  which  all  pressure  stages  do  not 
have  an  equal  number  of  velocity  stages 
Classification  of  impulse  turbines  might  be  carried  further  in 
order  to  illustrate  a  point  of  construction  often  overlooked :  that 
is,  the  method  of  conducting  the  steam  leaving  the  last  buckets  to 
the  succeeding  nozzles.    Various  constructions  are: 

d  Impulse  turbines  in  which  the  steam  leaving  the  last 
moving  buckets  passes  directly  from  the  bucket  into 
the  succeeding  nozzles  without  great  loss  of  velocity 
e  Impulse  turbines  in  which  the  steam  leaving  the  last 
moving  buckets  passes  into  the  casing  and  after  losing 
practically  all  of  its  velocity  enters  the  next  set  of 
nozzles 
/  Impulse  turbines  in  which  the  steam  leaving  the  last 
^  General  Motors  Co.,  Detroit,  Mich. 
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moving  buckets  is  utilized  in  some  pressure  stages  ac- 
cording to  the  method  described  in  c  and  in  other 
pressure  stages  according  to  the  method  outlined  in  d 

It  follows  from  this  classification  that  Rateau  turbines  fall  in 
class  a-d;  Zoelly  turbines  fall  in  class  a-d;  Curtis  turbines  of  the 
General  Electric  Compan}-  fall  in  class  h-d;  Curtis  turbines  of 
A.E.G.  (large  size)  fall  in  class  c-f. 

The  Zoelly  turbine  is  similar  in  principle  to  the  Rateau  and  it 
seems  preferable  to  class  the  Zoelly  turbine  as  a  Rateau  type  just 
as  the  AUis-Chalmers  is  called  Parsons  and  not  Fullager. 

It  will  be  noted  that  in  the  paper  the  single-row  stages  of  the 
A.E.G.  turbines  are  said  to  be  of  the  Rateau  construction.  The 
Allgemeine  Electricitats-Gesellschaft,  however,  state  that  these 
.stages  are  constructed  in  accordance  with  the  1896  patent  de- 
scription of  Curtis  which  represents  the  immediate  forerunner 
of  the  Rateau  and  Zoelly  constructions.  The  difference  between 
the  A.E.G.  single-row  stages  and  those  of  Rateau  consists  in  the 
manner  in  which  the  steam  leaving  the  moving  buckets  is  util- 
ized. This  diiference  has  been  noted  in  the  classification  of  tur- 
bine types  given  above,  that  is,  the  A.E.G.  single  bucket  row 
stages  are  of  type  c?,  in  which  the  steam  leaving  the  moving 
buckets  passes  directly  into  the  succeeding  nozzles  without  great 
loss  in  velocity  while  the  Rateau  fall  under  tj^pe  e,  in  which  the 
steam  is  brought  to  rest  before  entering  the  next  set  of  nozzles. 
The  large  A.E.G.  turl)ines,  therefore,  appear  to  be  of  the  Curtis 
type  throughout,  although  not  altogether  of  the  type  popularly 
known  as  Curtis. 

The  moving  buckets  of  reaction  turbines  have  in  practice  been 
supported  upon  drums  and  those  of  impulse  turbines  usually 
upon  disks.  The  manner  of  construction  does  not,  however, 
change  the  fundamental  type  and,  therefore,  the  author's  desig- 
nation in  Par.  24,  of  the  Belliss  &  Morcom  turbine  as  a  Curtis- 
Parsons  construction  is  confusing  because  this  turbine  operates 
entirely  upon  the  impulse  principle. 

In  reading  Par.  56,  the  impression  might  be  gained  that  high 
steam  velocities  are  inherent  with  impulse  turbines  having  two 
or  more  velocity  stages.  Such  is  not  necessarily  the  case.  If  low 
Inicket  velocities  are  employed  the  spouting  velocity  of  the  steam 
is  also  low.    Impulse  marine  turbines  illustrate  this  point. 

It  might  be  inferred  from  the  last  part  of  Par.  12  that  con- 
structions such  as  the  A.E.G.  sacrificed  efficiency  to  first  cost. 
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According  to  Table  2  the  A.K.Ct.  design  is  more  efficient  than 
the  Eateau. 

In  Par.  22  reference  is  made  to  Fig.  3  showing  a  turbine  with 
six  pressure  stages.  It  is  stated  that  the  A.E.G.  build  similar 
turbines  up  to  1000  kw.  capacity.  While  the  A.E.G.  machines 
below  1000  kw.  have  two  velocity  stages  in  a  pressure  stage  the 
writer  undei'stands  that  they  have  only  two  pressure  stages. 

It  would  be  interesting  if  Professor  Christie  could  tell  whether 
Mr.  Zoelly  advances  any  reason  for  his  claim  of  greater  efficiency 
with  throttle  governing. 

In  connection  with  Par.  35  it  might  be  observed  that  theoreti- 
cally correct  action  of  the  steam  in  any  impulse  turbine  occurs 
only  at  one  set  of  conditions.  For  any  variation  in  conditions  or 
quantity  of  steam  flowing  a  variation  from  the  theoretically  cor- 
rect action  must  occur.  The  flat  economj^  curves  of  impulse  tur- 
bines prove  that  this  is  not  important  from  the  standpoint  of 
efficiency,  and  practice  shows  that  the  end  thrust  is  not  appreci- 
ably increased  by  departure  from  the  theoretical  conditions. 

The  drum  construction  in  impulse  turbines  was  probably  first 
used  by  the  A.E.G.  in  the  turbines  for  the  steamship  Kaiser, 
which  was  tested  in  1905.  This  firm's  experiments  led  them  to 
state  that  the  drum  construction  was  advantageous,  for  the  low 
bucket  speeds  existing  in  direct-connected  marine  turbines  when 
the  steam  had  expanded  to  50  times  its  initial  volume. 

Using  the  fundamental  classification  given  in  this  discussion 
there  is  only  one  type  of  ''  modified  "  or  "  combined  "  turbine, 
that  is,  the  impulse-reaction  machine. 

It  is  interesting  to  examine  the  evidence  as  to  which  of  the 
fundamental  types  is  at  present  gaining  in  popularity.  There 
is  conclusive  evidence  that  a  large  number  of  manufacturers 
formerly  producing  reaction  turbines  have  adopted  impulse 
blading  in  the  high-pressure  sections  of  their  machines  but  there 
is  little  to  indicate  that  the  manufacturers  of  impulse  turlnnes 
generally  contemplate  introducing  reaction  blading. 

Par.  105  states  that  "  several  impulse  turbines  have  recently 
been  built  in  Europe  where  the  expansion  was  not  complete  in 
the  nozzles,  so  that  a  portion  of  the  expansion  took  place  in  the 
first  moving  blades."  The  only  turbines  of  this  character  which 
the  writer  knows  of  were  abandoned  and  if  others  are  being 
built  they  probably  are  more  or  less  of  an  experiment. 

In  Par.  70  the  following  statement  is  made:  "It  is  therefore 
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apparent  that  the  efficiency  ratio  alone  will  express  in  the  best 
manner  the  degree  to  which  the  designer  has  approached  ideal 
results  in  his  turbine."  ^Vhile  the  efficiency  ratio  comes  nearer 
than  any  other  single  figure  to  ox]>ressing  the  economic  results 
it  must  be  used  Avith  caution  because: 

a  The  steam,  conditions  must  he  taken  into  account.  The 
same  steam  turbine  operating  with  an  equal  amount 
of  available  energy  wnll  not  have  the  same  eiliciency 
ratio  if  the  energy  is  obtained  in  one  case  by  a  mod- 
erate vacuum  and  high  superheat,  and  in  another  case 
by  a  high  vacuum  and  low  superheat. 

A  non-condensing  turbine  may  have  the  same  or  a 
better  efficiency''  ratio  than  a  condensing  machine,  but 
this  is  no  indication  that  the  non-condensing  turbine 
is  as  suitable  or  better  for  a  given  plant  than  the  con- 
densing unit. 
1)  It  is  more  dificult  to  ohtain  a  high  eflciency  ratio  with 
a   large   amount   of   available   energy    than   with   a 
smaller  amount.    Referring  to  Table  2  it  is  seen  that 
the  6000  kw.  machine,  built  by  Erste  Briinner  M.F.G., 
has  an  efficiency  ratio  of  71.3  and  the  heat  available 
per  pound  of  steam  is  380.7  b.t.u.     The  A.E.G.  tur- 
bine  of   about   the   same   rating  gives    an   efficiency 
ratio  of  68.7,  but  the  heat  units  available  per  pound 
of  steam  are  434.2  b.t.u.  or  about  14  per  cent  greater. 
If  the  latter  machine  were  operated  with  steam  hav- 
ing 380.7  b.t.u.  per  lb.,  there  is  little  doubt  but  that 
the  efficiency  ratio  would  equal  or  approach  closely 
that  of  the  Erste  Briinner  turbine. 
c  The  e-fficiency  of  the  electrical  generators  is  included  in 
the  efficiency  ratios.     This  has  considerable  impor- 
tance if  the  ratios  are  used  to  compare  turbine  types. 
It  is  stated  in  Par.  59  that  European  builders  gen- 
eralh"    guarantee    better    generator    efficiencies    than 
American  builders. 
d  The  results  may  be  affected  by  the  inclusion  or  exclusion 
of  the  power  necessary  for  field  excitation  and  auxili- 
aries, as  well  as  other  variations  in  testing  practice. 
From  a  technical  viewpoint  the  revolutions  per  minute  of  the 
turbines  cannot  be  neglected  in  making  comparisons  upon  whicli 
to  base  opinions  as  to  types.    Either  type  is  benefited  by  an  in- 
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crease  of  rotative  speed  and  it  is  almost  certain  that  in  the  future 
the  speed  of  all  t3'pes  will  not  differ  materially  for  machines  of 
a  given  rating  and  service. 

Too  much  reliance  must  not  be  placed  upon  efficiency  ratios, 
either  in  the  selection  of  a  turbine  at  the  present  day  or  as  a  basis 
of  judgment  regarding  idtimate  types  because  first  cost,  relia- 
bilit3^  sustained  economj^,  life  and  operating  expenses  are  such 
important  factors.  The  author  points  out,  and  it  is  well  to  em- 
phasize the  fact,  that  his  figures  for  efficiency  ratio  do  not  repre- 
sent operating  conditions  such  as  occur  with  varying  loads  or 
the  average  economy  of  any  type  of  turbine. 

E.  D.  Dreyfus  emphasized  the  necessity  of  establishing  some 
method  of  ratings  which  would  be  recognized  by  engineers  at 
large,  and  also  rules  for  conducting  tests  of  this  type  of  power 
generating  unit,  that  is,  including  the  turbine  and  generator  as 
a  whole.  As  the  paper  states  the  case  there  is  now  an  undesirable 
dissimilarity  in  practice  in  rating  this  class  of  machinery. 

The  Society  should  lay  down  some  guide  or  formulate  some 
code  which  would  create  more  uniformity  and  a  better  under- 
standing in  this  connection.  Failure  to  do  this  will  leave  room 
for  criticism,  which  seems  already  to  have  shaped  itself  in  the 
minds  of  some.  It  is  well  to  note  how  this  situation  has  been 
viewed  by  others,  and  the  writer  quotes  a  very  brief  abstract  from 
an  editorial  from  the  Electrical  Review  and  Western  Electrician  ^ 
under  the  heading  of  Ratings,  which  followed  a  paper  he  read 
one  year  ago  on  Turbines  in  which  this  vital  question  was  seri- 
ously referred  to: 

There  are  a  variety  of  bases  upou  which  ratings  may  be  made.  The 
ultimate  capacity  of  the  machine  is  cue  basis,  the  load  at  which  maximum 
efficiency  is  secured  is  another,  the  load  at  which  deterioration  is  less  is 
another,  the  load  which  is  fixed  by  some  limitation  of  operation  is  another, 
and  so  on.  Most  electrical  apparatus  is  limited  in  capacity  by  the  allow- 
able temperature  rise  and  the  rating  is  made  upon  this  basis.  The  Stand- 
ardization Rules  of  the  American  Institute  of  Electrical  Engineers  fix  the 
allowable  temperature,  and  performance  specifications  are  drawn  to  coincide 
with  these  rules,  or  else  specify  limiting  temperatui'es  considered  more  suit- 
able for  the  given  working  conditions.     *     *     * 

Turning  to  steam  engines  we  find  the  rating  to  be  based  upon  operation 
at  maximum  efficiency  and  normal  speed.  *  *  *  Practice  is  not  en- 
tirely uniform  here,  however,  and  there  is  a  certain  leeway  dependent  upon 

1  October  14,  1911. 
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persoutil  opiuiou  or  the  characteristics  of  the  particular  engine.  In  any 
ease,  there  is  ample  margin  to  take  care  of  overload  and  a  fairly  definite 
general  understanding  as  to  what  the  rating  signifies.     *     *     * 

With  the  steam  turbine,  on  the  other  hand,  there  is  no  such  general  under- 
standing and  uniformity  of  practice,  and  it  is  not  safe  for  the  operating 
steam  engineer  to  assume  that  a  turbine  with  a  given  rating  is  capable  of 
carrying  the  same  overload  that  may  be  saddled  upon  the  reciprocating 
engine  of  the  same  rating.     *     *     * 

*  *  *  A  uniform  method  of  rating  should  be  adopted  just  as  quick 
as  possible  and  nobod.y  is  in  a  better  position  to  detei'mine  what  that 
method  should  be  than  The  American  Society  of  Mechanical  Engineers.  By 
adopting  such  rules  c-oncerning  steam  machinery  as  the  Institute  of  Elec- 
trical Engineers  has  done  for  electrical  machinery,  it  will  perform  a  real 
service  to  the  country.     *     *     * 

Carl  Geo.  de  Laval.  A  new  steam  turbine  has  lately  been  de- 
signed on  quite  radical  lines  by  Messrs.  Ljungstrom,  Stockholm, 
Sweden.  It  is  a  radial  flow  reaction  turbine  with  steam  entering 
between  two  disks  passing  from  center  to  circumference  between 
concentric  blading  rings.  These  two  disks  revolve  with  their 
shafts  at  the  same  rate  of  speed,  but  in  opposite  directions.  At 
the  end  of  each  shaft  an  electric  generator  is  attached.  By  doing 
this  the  relative  speed  of  each  blade  becomes  double  the  amount 
of  the  ordinary  reaction  turbine  of  the  same  number  of  revolu- 
tion and  diameter,  with  the  consequent  result  that  the  blade  rows 
become  only  one  quarter  as  great.  The  general  result  is  a  turbine 
of  small  dimensions  for  the  power  and  consequent  smaller  floor 
space  even  with  the  generators  included  than  the  present  designs 
now  on  the  market.  Several  turbines  have  been  built  and  are 
being  built. 

The  first  turbine  was  500  kw.  at  3000  revolutions,  which  gave 
an  efficiency  value  of  71.8  per  cent  and  steam  consumption  8.75  lb. 
per  b.h.p.  per  hr.,  with  steam  of  175  lb.  absolute  and  250  deg. 
fahr.  superheat  and  vacuum  28.5  in. 

Sizes  from  1000  to  7500  kw.  with  speed  of  3000  revolutions 
have  been  designed  on  this  double-rotating  principle.  Single 
rotating  turbines  of  the  same  design  have  also  been  brought  out, 
but  with  slightly  less  efficiency  and  increased  steam  consmnption, 
the  latter  being  about  10  per  cent  comparing  the  recorded  effic- 
iency ratio  given  by  the  author.  Erste  Briinner  M.F.G.  on  a 
Curtis-Parsons  is  the  highest  recorded  at  71.8  per  cent,  steam 
156.2  lb.,  1500  revolutions,  lb.  of  steam  per  kw-hr.,  13.82.  The 
Ljungstrom  1000-kw.  steam  turbine  gave  74.7  per  cent  efficiency 
ratio,  taking  steam  in  front  of  the  throttle  valve  and  76.9  per 
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cent  behind  the  throttle  vahe,  steam  162  lb.,  speed  3000  revolu- 
tions, lb.  of  steam  per  kw-hr.,  11.55  or  8  per  b.h.p.  It  is  stated 
that  the  critical  speed  of  this  tvirl)ine  is  6300  revokitions,  pre- 
venting the  necessity  as  in  many  turbines  of  passing  through  the 
critical  speed. 

There  are  many  novel  details  carried  out  in  this  turbine.  The 
bottom  is  so  shai:)ed  that  it  is  placed  directly  on  the  condenser 
without  the  use  of  expansion  joints.  The  two  generators  are  sup- 
ported on  springs  or  slides  on  top  of  the  extending  ends  of  the 
condenser.  The  blades  are  of  the  Parsons  type,  milled  from  a 
solid  bar  of  nickel  steel,  and  having  notched  ends  with  blade 
roots  turned  over  into  the  rings.  In  starting,  the  two  sides  of 
the  turbine  may  not  run  at  the  same  speed,  but  the  exciting  cur- 
rents are  strong  enough  so  that  at  a  certain  speed  the  generators 
Avill  synchronize  automatically  and  run  as  one  unit. 

W.  L.  R.  Emmet.  In  Table  2,  which  gives  a  comparison  of 
various  turbine  performances,  injustice  is  done  to  the  Curtis 
type,  and  other  incorrect  impressions  are  given.  This  table  is 
derived  from  various  chance  publications,  but  nothing  is  laiown 
concerning  the  authenticity  of  any  of  them.  Such  classification 
by  merit  as  Professor  Cliristie  has  made  therefore  ought  not  to 
be  published  without  qualification. 

The  first  machine  mentioned  in  this  table  is  a  2000-kw.  Curtis- 
Parsons  operating  at  1500  r.p.m.  and  is  reported  to  give  an  effic- 
iency of  71.8  per  cent  with  a  moderate  degree  of  superheat. 
Everybody  familiar  with  the  design  of  either  Curtis  or  Parsons 
machines  knows  perfectly  well  that  no  such  result  has  ever  been 
produced  under  such  conditions. 

The  efficiencies  assigned  to  the  five  General  Electric  Curtis 
machines  mentioned  range  from  63.6  per  cent  down  to  61  per 
cent.  The  first,  which  operates  at  3464  kw.,  is  a  representative 
result  of  the  machine  in  question  and  is  a  good  performance 
when  the  very  high  vacuum  used  is  considered.  Of  the  other 
four,  only  one  of  the  tests  is  representative  when  the  machine  is 
correctly  tested  and  in  good  condition,  and  in  that  case,  also,  the 
extremely  high  vacuum  is  the  cause  of  a  relatively  low  efficiency. 

In  discussing  this  table,  the  author  states  in  Par.  70 :  "  It  is 
therefore  apparent  that  the  efficiency  ratio  alone  will  express  in 
the  best  manner  the  degree  to  which  the  designer  has  approached 
ideal  results  in  his  turbine."    To  this  statement  exception  should 
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be  taken  for  the  reason  that  it  is  naturally  possible  to  produce 
higher  efficiencies  in  turbine  construction  with  moderate  degrees 
of  vacuum  than  it  is  with  very  high  degrees  of  vacuum,  the  lim- 
itations to  the  elt'ective  use  of  high  vacuum  being  many  and  their 
extent  being  affected  bj'^  speed  and  capacity.  Therefore  the  de- 
signer who  produces  a  relativel}'  low  efficiency  with  a  very  high 
vacuum  may  liave  accomplished  his  purpose  much  more  credit- 

TABLE  3     TESTS  OF  REPRESENTATIVE  CURTIS  TURBINES 
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ably  than  another  who  has  produced  a  higher  efficiency  with  a 
low  vacuum. 

None  of  the  General  Electric  machines  referred  to  in  Profes- 
sor Christie's  tabulation,  except  the  first  mentioned,  was  designed 
later  than  1904,  while  many  of  the  other  makes  are  of  very  re- 
cent production.  Table  3  gives  tests  of  a  few  representative 
Curtis  machines.  The  first  two  tests  apply  to  machines  in  Bos- 
ton, very  carefully  and  repeatedly  tested  when  they  were  com- 
paratively new.  These  machines  are  of  the  same  date  and  type 
as  most  of  those  to  whic-h  the  figures  in  Professor  Christie's  tab- 
ulation purport  to  apply,  and  are  representative  of  the  original 
large  5-stage  vertical  units  when  correctly  tested  and  m  good 
condition.  These  tests  were  made  with  very  perfect  facilities  by 
the  Boston  Edison  Company's  engineers. 
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The  third  lest  applies  to  an  8000-kw.  machine  in  Chicago  of 
the  same  date  and  type.  One  of  the  tests  in  Professor  Christie's 
paper  also  purports  to  refer  to  this  machine  under  different  con- 
ditions. 

The  next  three  items  refer  to  recent  six-stage  Curtis  machines, 
and  the  last  refers  to  a  three-stage  Curtis  machine  recently  pro- 
duced by  the  British  Thomson-Houston  Compan}'.  This  latter 
machine  produces  a  very  remarkable  result  when  its  small  capac- 
ity and  extreme  simplicity  are  taken  into  consideration. 

The  accurate  testing  of  steam  units  is  a  matter  which  requires 
great  care  and  is  susceptible  of  many  kinds  of  error.  Many  fig- 
ures concerning  such  tests  which  are  entirely  incorrect  are  being 
constantly  circulated.  It  is  only  by  comparison  of  many  tests 
and  caieful  observance  of  consistency  as  to  results  and  character- 
istics that  one  can  ever  be  sure  as  to  turbine  economies.  The  fig- 
ures given  in  Table  3  have  been  analyzed  and  compared  and  are 
unquestionably  correct.  It  will  be  observed  that  they  give  an 
impression  concerning  the  A^ilue  of  Curtis  turbines  which  is  very 
different  from  that  produced  by  Professor  Christie's  tabulation. 


The  author's  closure  is  to  be  published  later — Editor. 


A    NEW    ANALYSIS    OF   THE    CYLINDER  PER- 
FORMANCE OF  RECIPROCATING  ENGINES 

By  J.  Paul  Clayton,  Published  in  the  Journal  for  April 
ABSTRACT  OF  PAPER 

Our  knowledge  of  the  cylinder  performance  of  reciprocating  engines  is  ob- 
tained almost  entirely  from  indicator  diagrams.  These  diagrams  provide  a 
measure  of  the  work  performed,  thus  enabling  the  efficiency  or  economy  of  the 
engine  to  be  determined;  they  also  provide  an  aid  for  setting  valves,  and  furnish 
the  basis  in  steam  cyhnders  for  applying  Hirn's  analysis,  for  measuring  the 
initial  condensation,  and  for  finding  the  diagram  factor  for  the  purposes  of 
design.  It  has  been  generally  thought  by  engineers  that  the  evidence  contained 
in  the  diagram  was  limited  only  to  the?e  and  minor  uses. 

The  investigation  described  in  this  paper  has  disclosed  the  fact  that  the  in- 
dicator diagram  contains  in  itself  the  evidence  necessary  for  an  almost  complete 
analysis  of  cylinder  performance,  the  results  of  which  have  not  heretofore  been 
considered  possible. 

In  obtaining  these  results  the  diagram  has  been  transferred  to  logarithmic 
cross-section  paper  and  thus  a  figure  has  been  drawn  which  will  be  called  a 
logarithmic  diagram.  By  the  aid  of  this  diagram  it  has  been  found  that  the 
expansion  and  compression  curves  of  all  elastic  media  used  in  practise  obey 
substantially  the  polytropic  law  PV"'=C.  From  this  fact  there  have  been  de- 
veloped rational  methods  of  approximating  the  clearance  of  a  cylinder,  of  closely 
locating  the  cycUc  events,  and  of  detecting  moderate  leakage  with  the  engine  in 
normal  operation. 

It  has  been  discovered  that  the  value  of  n  in  the  law  PV''  =  C  is  controlled 
directly  in  steam  cylinders  by  the  value  of  the  quality  of  the  steam  mixture  at 
cut-off,  called  Xc,  and  that  the  relation  of  Xc  and  n  is  practically  independent  of 
cyUnder  size  and  of  engine  speed  for  the  same  class  of  engine.  This  fact  enables 
us  to  determine  the  actual  amount  of  steam  and  water  present  in  a  cyhnder  at 
cut-off  from  the  experimentally  determined  relations  of  Xc  and  n,  and  thus  to 
obtain  the  actual  steam  consumed  from  the  diagram. 

The  paper  contains  an  exposition  of  the  graphical  methods  employed,  charts 
giving  the  relations  of  Xc  and  n  for  determining  the  steam  consumption  from  the 
diagram,  and  examples  of  typical  logarithmic  diagrams. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  discussion  is  subject  to  revision. 
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DISCUSSION 

Arthur  L.  Eice  said  that  Mr.  Clayton's  paper  for  the  first 
tiiDe  gives  the  engineer  a  chance  closely  to  keep  track  of  what 
the  engine  is  doing  at  all  times  while  it  is  in  actual  operation. 
He  had  had  occasion  to  vise  this  method  since  the  publication  of 
the  paper  in  The  Journal.  In  the  use  of  a  high  pressure 
of  steam  in  the  engine  and  a  high  speed,  where  the  indicator 
card  is  a  small  one,  it  is  absolutely  essential  that  very  great 
accuracy  should  be  observed;  otherwise  the  indications  as  to  the 
amount  of  steam  consumption  may  be  quite  misleading.  As  to 
the  percentage  of  accuracy  of  this  method  as  compared  with 
weighing  the  steam  from  the  surface  condenser,  Mr.  Rice  found 
from  tests  that  the  variation  was  from  2  to  G  per  cent.  The 
logarithmic  curve  may  be  plotted  directly  in  inches,  without  re- 
ducing the  volume  to  cubic  feet.  The  only  volume  of  interest  is 
that  at  cut-off,  which  is  a  single  volume  and  easily  computed.  It 
is.  however,  necessary  in  all  cases  to  take  care  that  the  logarith- 
mic paper  used  is  accurate,  which  is  often  not  the  case  with  the 
l)aper  in  the  market. 

R.  C.  Stevens  disagreed  with  Mr.  Clayton's  treatment  of  the 
problem  of  leakage,  and  questioned  where  the  author  takes  into 
account  the  leakage  of  steam  directly  out  of  the  exhaust,  or  that 
part  of  the  steam  which  enters  the  steam  chest  but,  by  reason  of 
the  valve  leakage,  passes  directly  out  of  the  exhaust  without 
entering  the  cylinder.  That  this  loss  is  enoruious,  even  in  many 
new  engines,  is  too  little  appreciated.  For  example,  in  a  case 
quoted  by  Mr.  Stevens  from  an  article  by  George  Mitchell  in 
Power,  October  11,  1910,  it  Avas  as  high  as  22  per  cent  in  an  en- 
gine specially  fitted  by  its  makers  with  a  new  valve.  What  is 
true  of  piston  valves  is  doubly  true  of  the  flat  balanced  valve 
with  pressure  plate.  Test  on  one  such  engine  of  80  h.p.  capacity 
which  the  owners  considered  in  good  condition  showed  624  lb. 
steam  leakage  per  hour,  or  about  21  h.p.  wasted,  or  over  25  per 
cent,  leakage.  It  is  common  practice  to  allow  0.003  to  0.004  in. 
freedom  between  the  valve  and  pressure  plate  when  newly  fitted, 
and  in  operation  the  valve  wears  small  aud  the  seat  wears  large. 
Altogether,  valve  leakage  is  far  more  important  than  piston 
leakage,  which  may  be  almost  negligil)le  for  years.  Mr.  Stevens 
therefore  challenged    Mr.   Clayt(m's   assertion   that  steam   con- 
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buniption  may  be  approximated  from  indicator  diagrams  to 
within  an  average  difference  of  less  than  4  per  cent  from  the  test 
results,  and  only  in  rare  cases  as  much  as  8  per  cent.  For,  if 
20  per  cent  or  more  of  the  steam  that  enters  the  throttle  goes 
(  nt  of  the  exhaust  without  making  its  presence  felt  in  any  way 
on  the  indicator,  it  is  difficult  to  understand  how  any  analysis 
of  the  indicator  diagram  or  its  derived  logarithmic  diagram  can 
establish  the  actual  steam  consumption  of  an  engine  to  within 
even  20  per  cent  of  accuracy. 

Sanford  a.  Moss  pronounced  the  paper  to  be  the  first  new 
thing  on  steam  engines  for  many  years,  but  insisted  on  the  neces- 
sity of  taking  leakage  into  account.  Steam  engines  are  seriously 
hampered  by  leakage  and  when  this  occurs  Mr.  Clayton's  method 
cannot  be  entirely  depended  upon,  unless  suitably  modified.  In 
the  paper  an  attempt  is  made  to  give  a  variation  of  the  law  with 
pressure,  and  it  did  not  seem  to  him  that  the  tests  warrant  any 
distinction  between  diti'erent  pressures  and  that  the  author 
should  use  the  equation  from  the  average  of  all  pressures  rather 
than  the  chart  of  Fig.  6. 

• 

R.  C.  H.  Heck.  In  the  logarithmic  diagram  as  a  means  of 
investigation,  in  the  proposition  that  exponent  n  is  practically 
constant  for  the  respective  curves  of  a  particular  steam  diagram, 
and  in  establishing  a  definite  relation  between  n  and  quality  at 
cut-off,  this  paper  makes  three  distinct  contributions  to  the  field 
of  research  and  knowledge  which  lies  between  the  performance 
of  the  actual  engine  and  that  of  the  ideal  engine  with  a  non- 
conducting cylinder.  In  this  region,  rational  deduction  from 
simple  premises  is  not  available,  chiefly  because  it  is  not  possible 
to  simplify  and  make  definite  the  needed  premises:  consequently, 
theory  can  be  built  up  only  by  such  formulation  of  empirical 
results  as  is  here  undertaken. 

To  say  that  n  varies  widely  with  different  conditions  of  work- 
ing is  merely  to  gi^^e  special  form  to  a  statement  of  long  recog- 
nized fact.  We  know  that  the  approximation  of  actual  expan- 
sion and  compression  curves  to  the  equation  PV  =  C  is  very 
rough,  A  common  range  of  variation  wath  saturated  steam  is 
from  5  to  10  per  cent,  while  in  extreme  cases  the  product  PV 
departs  a  good  deal  farther  from  constancy.  Nevertheless,  the 
hyperbola  has  been  and  will  continue  to  be  a  useful  reference 
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curve,  not  from  any  sanction  in  theory,  but  simply  because  it 
represents  constant  PV. 

Critical  judgment  upon  the  method  derived  and  proposed  for 
estimating  actual  steam  consumption  could  be  given  only  after 
extensive  trial  and  use.  The  showing  in  Table  4  seems  to  be 
very  favorable.  Manifestly,  the  scheme  is  as  yet  incomplete, 
since  the  service  chart,  Fig.  6,  is  limited  in  application  to  one 
exhaust  pressure.  In  Avorking  along  the  older  line  of  a  formula 
containing  size,  speed,  cut-off  ratio,  and  range  of  steam  tempera- 


CuT-OFF     0.3 


Fig.  26     Plot  of  Steam  Quantities  per  Revolution  on  Cut -Off  as  Base, 
FKOM  Test  Series  V  and  XII,  Tables  1  and  2 

CuuvE  ],  Ordinate  AB,  Total  Steam  Presbi^^t  During  Expansion,  Made  Up  of 
Measured  Consumption  AC  Plus  Clearance  Steam  CB. 

CU2VE  2,  Ordinate  AD,  Missing  Steam  at  Cut-Off^  Found  by  Subtracting 
Indicated  Steam  BD  from  Total  Steam  AB. 

Curve  3,  Cut-Off  Quality  Xc,  Corresponding  with  Curves  1  and  2. 

Curves  are  Drawn  for  the  Saturated  Steam  Tests  Only  ;  Extensions  Toward 
THi;  Right  are  Guided  by  the  form  of  Other  Series,  Which  Have  Longer 
Ranges  of  Cut-Off  ;  the  Circled  Dots  on  Ordinates  at  0.1  and  0.5  Cut-Off 
Show  Values  Used  in  the  Examples  ;  the  Superheat  Tests  are  Here  Given  for 
Purposes  of  Comparison  Only. 


ture  as  elements,  the  writer  has  consistently  found  the  last  the 
most  difficult  to  represent  satisfactorily. 

It  is  a  matter  of  considerable  interest  to  loiow  just  what  sort 
of  thermal  interactions  are  involved  in  the  exact  production  of 
the  curve  PV^^^O  with  a  steam  and  water  mixture.  General 
relations  cannot  be  expressed  in  serviceable  shape,  therefore  it  is 
necessary  to  resort  to  the  solution  of  numerical  examples.  Tak- 
ing typical  conditions  determined  by  test  series  V,  Table  1,  as 


DISCUSSION    BY    R.    C.    H.    HECK 


1175 


plotted  in  Fig.  2G,  tlio  writer  has  (•alc;ulated  results  which  are 
presented  graphically  in  Figs.  28  and  29. 

The  conti'olling  conditions  for  this  pair  of  examples  are  as 
follows : 

(Jeneral : 

Pressure  at  cut-off,   lb.   absolute Ill 

Corresponding  steam   temperature,   deg.   I'ahr 335.5 

Piston  displacement  per  revolution,   cu.   ft 

Clearance,    per    cent 

Particular : 

Quality  at  cut-off,  xc 

Exponent    n 

Weight  of  steam  mixture,  lb ; 


Case  A 
0.5667 
U.92 
0.2375 


0 


V 


3.10 
7.5 

Casei? 
0.7000 
1.025 
0.(1.332 


Fig.  27 


Diagram  Showing  Method  of  Calculating  Results  in  Figs.  2S 
AND  39 


Thermal  quantities  were  first  worked  out  for  the  weights  of 
steam  just  named,  then  were  reduced  to  b.t.u.  per  cu.  ft.  of  pis- 
ton displacement  for  use  in  the  diagrams. 

The  method  of  calculation  is  illustrated  by  Fig.  27  and  the 
relations  involved  are  expressed  by  the  equation 


K-i-  q  =  A 


I- 


dp  -{-  h^. 


[4] 


Here  A,  and  h^  are  heat  contents  or  total  heats  at  the  beginning 
and  end  respectively  of  the  expansion  interval,  or  at  points  1 
and  2;  q  is  the  heat  imparted  to  steam  by  cylinder  Avails;  and 

J'     ,  144n 

vdp 


A 


{p^i\  —  p^v^) 


[5] 


778  (n  —  1) 

is  the  heat  equivalent  of  the  work  done  in  expansion  from  p^^  to 
;?2,  represented  by  area  A12B.  The  scheme  is  to  use  temperature 
intervals,  of  15  deg.,  passing  from  t  to  p  through  the  steam  table. 
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In  Fig.  28,  distances  from  the  base  to  line  1  represent  heat 
used  in  the  performance  of  external  work,  calculated  by  equa- 
tion [5].  Distances  from  1  to  2  represent  changes  (h.,  —  A  J  in 
heat  content,  positive  ii^  case  A  where  h^  is  greater  than  h^  {n  = 


0.2 


0.15- 


0.1- 


1B.T.U 
0.05- 


280 


260 


320      t     300 

Fig.    28     Rates   of   Heat    Reception    per   Degree   of    Change    of    Steam 
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Fig.  '1\)    Rates  of  Heat  Reception  per  Cubic  Foot  of  Piston  Displace- 
ment, Also  Curves  of  Steam  Quality 

0.92),  negative  in  case  B  where  h  decreases  with  expansion  {n  ■=■ 
1.025).  The  net  or  resultant  distance  from  base  to  line  2  shows 
heat  received  q. 

Strictly,  the  areas  beneath  the  several  sections  of  the  broken 
lines  in  Fig.  28  represent  the  heat  quantities  just  named,  while 
to  the  scale  of  the  diagram  the  ordinates  show  rates  of  heat  con- 
version, change,  or  transfer  per  degree  of  change  of  steam  tem- 
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perature.  Thus  in  case  A,  with  0.2^7:)  II ).  of  stonni,  the  heat 
ailded  from  305  to  290  deg.  is  5.05  b.t.u.  This  is  divided  by 
3.10  to  make  it  correspond  with  the  st«am  in  action  per  cubic 
foot  of  piston  disphicement  and  by  15  to  make  it  heat  per  degree. 
In  case  B,  with  0.6332  lb.  of  steam,  the  similar  heat  quantity  is 
6.7G  b.t.u.,  to  be  reduced  to  the  terms  of  the  diagram  by  the  same 
division.  Because  thus  related  to  steam  quantities  other  than 
1  lb.,  the  ordinates  of  curxes  2A  and  2B  are  not  identical  with 
specific  heat ;  but  they  are  proportional  to  unit  heat  capacity. 

Of  course,  for  this  operation  of  hyperadiabatic  expansion,  the 
specific  heats  represented  by  curves  2  of  Fig.  28  are  negative. 
But  the  point  of  special  interest  here  brought  out  is  their  in- 
crease Avith  fall  of  temperature. 

In  Fig.  29  base  MN  represents  1  cu.  ft.  of  piston  displacement, 
with  clearance  OM  added  at  the  left;  and  it  may  also  be  taken  to 
represent  stroke  of  piston.  The  ordinate  added  is  now,  heat 
added  divided  by  change  of  volume  in  expansion.  Thus  for  the 
interval  from  305  to  290  deg.  in  case  A,  heat  q  or  5.05  b.t.u.  is 
divided  by  a  volume  change  of  0.2417  cu.  ft,  and  ih.Q  quotient 
20.9  is  an  ordinate  of  line  lA. 

As  bearing  on  the  maintenance  or  production  of  a  constant 
exponent  n^  we  note  that  for  case  A,  with  early  cut-off,  a  very 
rapid  heat  reception  is  required  at  first;  but  with  later  cut-off 
the  requirement  is  more  nearly  uniform.  Now  the  store  of  latent 
heat  in  the  steam  is  relatively  so  large  that  a  very  small  change 
in  the  manner  of  variation  of  quality  x  will  set  free  or  absorb 
quantities  of  heat  which  are  of  the  same  order  of  magnitude  as 
those  calculated  for  Fig.  28.  We  may  therefore  conclude  that 
there  is  nothing  in  the  showing  of  Fig.  29  to  antagonize  the 
empirical  fact  that  for  ordinary  conditions  of  working  n  is  prac- 
tically constant.  But  we  can  see  that  for  very  early  cut-off  heat 
is  likely  to  be  less  rapidly  transferred  at  first  than  is  required  to 
produce  the  average  value  of  w,  while  later  the  requirement  may 
be  exceeded.  Such  an  action,  with  n  at  first  large  and  pv  de- 
creasing, followed  by  decrease  of  n  and  increase  of  pv,  is  just 
what  is  observed  in  this  case. 

A  few  classic  examples  from  our  records  are  set  forth  in  Fig. 
30.  The  first  two  curves  show  the  smooth  form  of  the  poly- 
tropic  in  the  scheme  of  coordinates  which  is  used.  No.  3  is  a 
case  of  very  low  speed,  with  rapid  growth  oi  pv  at  low  pressure 
and  accompanying  decrease  of  n.    No.  4  shows  the  opposite  ex- 
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treme  of  high  superheat,  with  fair  approximation  to  a  value  of 
n  considerably  greater  than  unity.  In  the  engine  of  No.  5  re- 
lease was  late,  so  that  the  expansion  curve  ran  clear  to  the  end 
of  the  stroke;  and  in  this  period  of  very  slow  piston  movement 
there  is  time  for  a  large  inflow  of  heat,  strengthened  by  jacket 
action.  Curve  5  shows,  then,  condensation  continuing  past  cut- 
off and  very  marked  reevaporation  at  the  end  of  expansion.     It 
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Fig.  ;10     IMoT.s  of  pv  on  p.  Referred  to  the  Initial  Value  of  pv  at  Cut- 

Off  as  Unity 

curvr.s  1  and  2,  from  examples  worked  and  illustrated  in  flgs.  28  and  29 
Values  of  w=0.92  and  1.025,  Respectively. 

Curve  3,  TransaotionSj  Vol.  10,  Page  742,  Fig.  170,  Cylinder  17  in.  by  30  in.. 
Saturated  Steam,  Speed  8.64  R.P.M. 

Curve  4,  Transactions,  Vol.  25,  P.\ge  267,  Cylinder  16  in.  by  42  in..  Super- 
meat  352  DEO.  AT  Throttle,  187  deg.  in  Cylinder  at  Cut-Off,  Speed  103  R.P.M. 

Curve  5,  Transactions,  Vol.  16,  Page  176,  Lbavitt  Pumping  Engine  at  Louis- 
ville, Cylinder  27  in.  by  120  in..  Saturated  Steam,  Full  Jackets,  Speed  18.6 
R.P.M. 

is  a  striking  example  of  how  decidedly  steam  may  fail  to  con- 
form to  the  polytropic  equation. 


F.  W.  Marquis  discussed  the  method  of  Mr.  Clayton  as  a  val- 
uable aid  in  connection  with  the  study  of  locomotive  perform- 
ance. It  has  heretofore  not  been  possible  to  determine  the  steam 
consumption  of  locomotive  engines  under  certain  predetermined 
conditions  of  speed;,  cut-off,  etc.,  by  means  of  road  tests,  since  in 
road  service  these  conditions  cannot  be  maintained  constant  for 
a  long  enough  period  to  constitute  a  test.  Mr.  Clayton's  method 
gives  a  way  to  determine  the  steam  consumption  under  any  con- 
ditions of  speed,  cut-off,  etc.,  at  which  a  locomotive  can  be  oper- 
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Sited,  by  means  of  indicator  oards  which  can  be  taken  while  the 
locomotive  is  being  used  in  regular  road  service,  and  a  study  of 
the  effects  of  speed,  cut-off,  steam  distribution,  etc.,  can  now  be 
made  by  means  of  data  obtained  on  the  road  tests.  Further, 
from  the  logarithmic  indicator  diagram  it  is  possible  to  deter- 
mine accurately  the  times  at  whicli  the  different  events  of  the 
stroke  take  place.  This  furnishes  a  comparatively  simple  method 
for  determining  the  spring  in  locomotive  valve  gears.  A  study 
of  this  spring  and  its  effect  upon  steam  distribution,  the  stresses 
in  valve  gear  parts,  steam  consumption,  etc.,  with  different  types 
of  valve  gears,  and  under  different  conditions  of  running,  is  sure 
to  prove  of  great  value.  The  same  method  may  also  help  to  de- 
termine exactly  why  it  is  harder  to  make  schedule  time  with  pas- 
senger trains  in  cold  weather  than  in  warm. 

Train  resistance  is  greater  in  cool  than  in  warm  weather;  a 
locomotive  cannot  make  as  much  steam  in  cold  weather,  and 
again,  steam  must  be  furnished  for  heating  the  train.  How 
much  steam  does  it  take  to  heat  a  train  in  cold  weather?  The 
steam  thus  used  does  not  pass  through  the  nozzle  and  help  pro- 
duce draft  to  burn  the  coal,  as  the  steam  used  by  the  cylinders 
does.  Is  the  amount  large  enough  seriously  to  affect  the  steam- 
ing qualities  of  the  locomotive?  Information  upon  the  above 
questions  appears  to  be  very  meager,  and  has  not  in  the  past 
been  easy  to  obtain.  Now,  however,  it  is  possible  to  determine 
from  indicator  diagrams  how  much  steam  is  used  by  the  cylin- 
ders while  the  total  steam  used  may  be  determined  by  means  of 
tank  measurements.  The  difference  will  be  the  steam  used  in 
heating  and  lighting  the  train,  in  running  the  air  pump,  etc. 

Mr.  Marquis  called  attention  to  the  fact  that  the  present  paper 
includes  data  from  only  one  locomotive  test  and  said  he  under- 
stood that  other  data  were  to  be  given  later. 

C.  D.  Young.  Good  use  has  been  made  of  the  fact  which 
has  been  established  for  some  time  that  a  practically  constant 
quantity  is  obtained  in  the  product  of  the  absolute  pressure  by 
the  nth  power  of  the  volume  of  steam  under  compression  or  ex- 
pansion, the  volume  including  the  clearance  space.  This  law 
has  been  well  known  mathematically  as  a  straight  line  when  ex- 
pressed by  its  logarithmic  equation,  but  Mr.  Clayton  has  suc- 
ceeded in  defining  what  n  stands  for,  showing  that  it  is  a  quan- 
tity definitely  related  to  the  quality  of  the  steam,  and  for  any 
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given  engine  working  under  given  conditions  the  value  of  n  de- 
pends on  the  quality  of  the  steam. 

The  writer  assumed  that  this  followed  Mr.  Clayton's  di.sco\  cm  y 
that  the  expansion  and  compression  curA^es  of  indicator  diagrams 
do  as  a  general  nde  deA'elop  straight  lines  when  absolute  volumes 
are  plotted  against  absolute  pressures  on  logarithmic  paper;  and 
that  where  the  plotted  lines  are  not  straight  some  defect  in  the 
cylinder  is  indicated  and  the  amount  of  the  discrepancy  becomes 
an  indication  to  some  extent  of  the  magnitude  of  the  defect. 

The  writer  feels  that  Mr.  Claj^ton's  discovery  will  develop  to 
a  point  where  it  will  be  exceedingly  valuable  as  a  short-cut 
method  and  he  is  to  be  congratidated  upon  opening  up  a  new 
field  for  study  of  cylinder  performance  of  reciprocating  engines. 
There  are  a  number  of  statements  in  the  paper,  however,  which 
he  is  inclined  to  question.  For  example,  in  Par.  8  is  the  broad 
statement  that  since  working  with  the  new  method  of  analyses 
existing  methods  have  been  found  to  be  in  a  very  crude  state 
and  many  deductions  from  them  are  without  foundation  or 
meaning.  He  finds  nothing  in  Mr.  Clayton's  paper  to  sub- 
stantiate such  a  statement  and  would  hesitate  broadly  to  criti- 
cize the  past  work  on  engine  performance  and  deductions  which 
have  been  made  in  that  light  of  results  developed  by  Mr.  Clay- 
ton. 

Again  in  Par.  11  statements  are  made  to  the  effect  that  facts 
as  set  forth  were  unknown  previous  to  this  method  of  investiga- 
tion; where  as  a  matter  of  fact  the  writer  believes  that  all  the 
statements  have  been  confirmed  by  work  of  others  on  this  same 
subject. 

The  statement  hardly  seems  w^arranted  in  Par,  74^,  in  which 
Mr.  Clayton  says  that  this  method  is  more  accurate  than  the 
average  test,  and  is  the  only  accurate  method  available  for  test- 
ing certain  classes  of  engines.  Assuming  that  the  cards  have 
been  taken  correctly  and  represent  the  actual  cylinder  perform- 
ance, and  before  it  is  definitely  determined  what  the  actual  water 
rate  of  cylinder  is,  the  steam,  either  entering  or  leaving  the  cyl- 
inder should  be  measured  by  such  means  as  are  now  available. 

From  the  data  obtained  in  Mr.  Clayton's  tests  it  is  quite  evi- 
dent that  the  quality  of  steam  mixture  at  cut-off  when  using 
superheated  steam  is  in  a  large  number  of  cases  below  the  con- 
dition of  dry  and  saturated  steam  and  in  Table  2,  colunm  13, 
the  quality  of  steam  is  given  as  below  unity.     The  writer  hesi- 
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tates  to  criticize  this  figure,  although  he  possesses  data  which 
would  indicate  that  the  qualit}'  at  cut-off  as  given  by  him  for 
superheated  steam  will  not  be  as  low  as  that  which  he  has  given 
and.  ol)tained  gra]1hicall3^ 

Until  jNIr.  Clayton's  method  can  be  checked  against  some  of 
the  accurate  tests  which  are  daily  being  conducted  at  Pennsyl- 
A'ania  Railroad  Company's  Locomotive  Testing  Plant  at  Al- 
toona,  where  all  conditions  can  be  controlled  and  accurate  meas- 
urements taken,  the  writer  hesitates  to  suggest  further  errors  in 
the  data  as  presented. 

J.  B.  Stanwood.  This  paper  is  a  good  example  of  what  an 
advanced  scientific  treatment  of  a  well-known  subject  may  de- 
velop. While  the  logarithmic  treatment  of  expansion  curves  is 
not  new,^  the  author  has  discovered  that  a  relation  exists  of  a 
very  simple  character  between  the  quality  of  steam  at  cut-off 
in  a  steam  engine  and  the  expansion  curve  which  develops  from 
this  quality  of  steam.  This  is  an  interesting  fact  which  may 
prove  of  considerable  value  in  further  analysis  of  the  action  of 
steam  in  the  cjdinders  of  reciprocating  engines. 

In  regard  to  the  actual  deductions  made  Mr.  Stanwood  calls 
attention  to  the  fact  that  Mr.  Clayton's  deductions  are  based 
almost  entirel}"  upon  experiments  made  with  a  1'2  by  24-in. 
Corliss  engine,  and  believes  that  the  applicability  of  his 
method  to  the  determination  of  the  actual  values  of  initial  qual- 
ity of  the  steam  can  be  determined  only  after  comparing  a  num- 
ber of  experiments  of  the  same  character  on  different  sizes  of 
engines.  In  the  instance  at  hand,  leaving  leakage  out  of  account, 
it  would  seem  that  the  initial  quality  of  steam  at  cut-off  is  de- 
pendent upon  two  things:  the  amount  of  steam  actually  con- 
densed up  to  cut-off,  and  the  quality  of  steam  in  the  clearance 
space  just  before  the  admission.  If  the  quality  is  based  simply 
on  the  difference  between  steam  as  accounted  for  by  the  indicator 
at  cut-off,  and  the  water  consumption  as  determined  by  the 
amount  condensed  in  the  condenser,  he  fears  the  result  is  not 
correct,  as  no  consideration  has  been  taken  of  the  quality  of  the 
"  cushion  "  steam.  It  may  be  possible  that  the  quality  of  cushion 
steam  may  be  as  Ioav  as  10  per  cent,  especially  if  Mr.  Willan's 

'  See  Prof.  Perry  in  the  discussion  of  Mr.  Willans'  paper  on  Nou-Condeus- 
iug  Engine  Trials ;  Proceedings  of  the  Institute  of  Civil  Engineers  of  Great 
Britain,  vol.  43,  1888. 
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theory  is  true  that  water  retained  on  the  clearance  surface  forms 
an  important  factor  in  creating  cylinder  condensation.  Pro- 
fessor Zenner  has  stated  that  if  he  knew  absolutely  the  quality 
of  steam  at  any  point  during  the  compression  he  could  determine 
the  steam  consumption  of  a  steam  engine  from  its  indicator  card 
(leakage  being  neglected).  This  question  of  the  quality  of 
cushion  steam  may  have  something  to  do  with  the  variations  in 
the  results  obtained  by  Mr.  Clayton  in  his  comparison  of  differ- 
ent engines,  as  shown  in  Table  4. 

There  are  probal^ly  few,  if  any,  engines  operating  without 
leakage  and  the  writer  thinks  there  must  have  been  quite  an  ap- 
preciable amount  in  the  12-in.  by  30-in.  engine  tested  by  Mr. 
Clayton.  For  instance,  in  Table  1,  with  109  lb.  absolute  pressure 
at  the  throttle  and  25  per  cent  cut-off,  this  engine  is  stated  to 
have  a  quality  of  steam  of  58.8  per  cent.  This  means  a  cylinder 
condensation  of  41.2  per  cent,  which  is  high  for  this  cut-off  in 
comparison  with  most  tests  that  have  been  made  on  Corliss  en- 
gines. George  H.  Barrus  in  his  book  on  Steam  Engine  Tests  gives 
the  result  of  his  experience  with  these  engines  and  he  estimates 
as  a  result  that  the  amount  of  condensation  for  25  per  cent  cut- 
off is  on  an  average  about  24  per  cent.  If  therefore  there  was 
no  excessive  leakage  in  this  engine,  then  these  experiments  show 
a  remarkable  difference  between  condensation  in  small  engines 
and  condensation  in  larger  engines  of  the  same  general  type.  In 
Table  4  there  is  recorded  a  test  (Analysis  No.  107)  of  a  16-in.  by 
42-in.  Corliss  engine,  in  which  the  quality  of  steam  is  77.4  per 
cent.  In  the  same  table,  with  a  Corliss  cylinder  23  in.  by  60  in., 
the  quality  of  steam  is  76.7  per  cent.  The  writer  suspects  that 
these  engines  were  among  those  tested  by  Mr.  Barrus  in  his  work 
entitled  Steam  Engine  Tests,  and  if  so,  the  cut-offs  were  about 
25  to  30  per  cent.  Is  there  this  difference  between  engines  of 
12  in.  and  16  in.  and  23  in.  bore?  If  not,  there  must  have  been 
some  other  cause  which  would  make  the  quality  of  steam  so  low 
in  the  12-in.  by  24-in.  engine  and  the  writer  suspects  that  it  is 
leakage. 

The  discovery  of  Mr.  Clayton  may  lead  to  the  solution  of  some 
problems  heretofore  unsolved,  such  as  determination  of  the 
actual  quality  of  steam  in  the  compression  spaces;  prediction  of 
steam  consumption,  especially  as  influenced  by  the  size  of  cylin- 
ders; effect  of  clearance  and  clearance  spaces  on  the  economy  of 
the  steam  engines.    Designers  may  also  be  able  to  improve  the 
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proportion  and  construction  of  steam  cylinders  and  valve  gears 
by  the  character  of  the  expansion  curve  under  different  condi- 
tions anah'zed  b}'^  this  logarithmic  method.  The  writer  fears 
that  a  determination  of  the  steam  consumption  of  many  types  of 
engines  by  this  method,  would  not  be  veiy  reliable.  There  are 
so  many  cylinders  in  which  the  steam  is  short  circuited  directly 
from  the  steam  side  of  the  cylinder  to  the  exhaust  side  of  the 
c\'linder  that  no  evidence  of  this  loss  appears  on  the  diagrams, 
so  that  the  use  of  Mr.  Clayton's  method  would  not  be  at  all  satis- 
factory. There  are  many  single  valve  engines  with  balanced 
valves  in  use  in  this  country  in  which  the  leakage  begins  to  in- 
crease from  the  day  they  go  into  service;  any  diagram  taken 
from  them  without  absolute  knowledge  of  the  valve  conditions 
would  be  useless,  and  we  would  caution  engineers  as  to  the  un- 
reliability of  this  method  for  engines  of  this  class.  When  valves 
are  made  tight  and  can  be  kept  tight,  the  investigation  along 
these  lines  may  be  helpful. 

William  D.  Ennis  was  able  in  one  or  two  instances  to  verify 
Mr.  Clayton's. law.  A  small  automatic  engine  gave  n=0.96,  with 
a  dryness  at  cut-off  of  0.62.  A  Corliss  engine  gave  n=:1.02  aver- 
age corresponding  with  an  indicated  steam  rate  of  26  lb.  per 
i.h.p.-hr.,  noncondensing.  A  study  of  values  of  n  for  the  com- 
pression curve  is  interesting.  Values  exceeding  1.0  have  repeat- 
edly been  found,  along  with  such  absence  of  high  final  tempera- 
tures as  demonstrates  that  the  customary  Hirn  assumption  of 
initial  dryness  equal  to  1.0  must  be  incorrect.  Professor  Ennis 
has  found  in  two  cases,  with  small  automatic  engines,  n  for  com- 
pression=1.85  and  1.80  and  in  another  instance  it  was  appar- 
ently around  4.0. 

From  the  thermodynamic  side,  the  paper  is  of  particular  im- 
portance from  the  new  light  it  throws  on  the  question  of  heat 
interchange.  Textbooks  state  that  during  the  early  part  of  ex- 
pansion the  steam  continues  to  give  up  heat  to  the  cylinder 
walls:  afterward,  as  its  temperature  falls,  again  receiving  this 
heat.  But  if  the  expansion  line  of  the  steam  diagram  con- 
forms to  the  poly  tropic  PV'^=G  there  can  be  no  such  reversed 
transfer:  the  steam  must  be  either  steadily  gaining  or  steadily 
losing  heat.  And,  according  to  Mr.  Clayton,  it  loses  or  gains  ac- 
cording as  it  is  dry  or  wet  at  the  point  of  cut-off.  In  the  light 
of  the  present  paper.  Professor  Ennis  is  inclined  to  think  that 
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the  apparent  reversal  of  transfer  has  been  generally  due  to  leak- 
age. In  the  Callendar  and  Nicholson  experiments  the  steam  tem- 
perature dropped  to  that  of  the  metal  of  the  cylinder  head  in 
1/18  sec.  after  cut-oll\  Considering  the  lag  and  dampening  of 
wall  temperature  fluctuations,  the  conditions  thus  favor  a  gain 
of  heat  by  the  steam  practically  throughout  expansion.  Strange- 
ly enough,  also,  the  wall  temperature  taken  at  a  point  in  the  side 
wall  just  inside  the  face  of  the  head,  began  to  fall  while  the  walls 
were  about  17  deg.  fahr.  cooler  than  the  steam. 

The  subject  of  steam  leakage  is  one  of  the  most  important 
which  the  paper  suggests.  The  diagram  attached  is  so  clearly 
like  some  of  those  embodied  in  the  paper  in  its  indication  of 
leakage  that  it  is  worth  including  for  its  confirmatory  value. 
Leakage  between  two  chambers  will,  other  factors  being  con- 
stant, be  proportional  to  the  pressure  difference  and  inversely 
proportional  to  the  seal  of  the  valve.  The  diagram  sketches 
these  variables  and  shows  that  leakage  is  most  likely  to  occur : 

a  through  the  steam  valve,  just  after  cut-off,  or  just  be- 
fore admission 

&  through  the  exhaust  valve,  during  the  early  part  of  a 
stroke 

a  through  the  piston^  dui'ing  the  early  paa't  of  a  stroke. 
In  cases  (5)  and  (c)  the  diagrams  are  scarcely  likely  to  show 
leakage  until  after  cut-off  has  occurred.  Leakage  through  the 
steam  valve,  occurring  just  after  cut-off,  may  be  shown  by  a 
steam  chest  diagram.  It  raises  the  expansion  curve  during  the 
early  part  of  expansion.  When  it  ceases,  the  true  polytropic 
curve  begins.  Pre-admission  leakage  at  this  point  raises  the 
compression  curve,  and  maj^  take  place  at  such  a  rate  as  to  give 
a  curve  apparently  polytropic,  with  an  extremely  high  n  value. 
A  steam  chest  diagram  may  confirm  the  diagnosis.  Leakage 
through  either  piston  or  exhaust  valve,  occurring  just  after  cut- 
off, depresses  the  expansion  curve.  If  it  is  the  piston  that  leaks, 
a  corresponding  rise  of  pressure  may  in  some  cases  be  noted  on 
the  exhaust  line  of  the  compression  diagram  for  the  other  end 
of  the  cylinder.  If  such  leakage  occurs  before  cut-off,  the  dia- 
gram in  question  will  not  show  it,  but  the  companion  diagram 
may  show  a  rapid  rise  of  pressure  during  the  early  part  of  its 
exhaust  period.  Mr.  Clayton's  paper  is  thus  far  but  a  beginning. 
The  bearing  of  the  ncAv  law  on  the  application  of  Hirn's  analysis 
and  the  temperature-entropy  diagram  to  actual  tests  will  com- 
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pel  us  to  revise  our  judgment  as  to  the  utility  of  these  forms  of 
investigation.  A  new  and  und(Mibte<11y  fruitful  field  has  been 
opened  in  steam  engineering. 

Forrest  E.  Cardullo.  It  has  long  been  known  that  the  expan- 
sion of  the  working  fluid  in  practically  all  reciprocating  engines 
approximates  the  law  PV'^  =  C,  in  which  P  is  the  absolute  pressure, 
V  is  the  absolute  volume  of  the  working  fluid,  and  C  is  a  constant. 
The  paper  before  us  proposes  a  most  interesting  method  of  cylinder 
analysis  which  takes  advantage  of  this  fact. 

With  that  part  of  the  paper  which  deals  with  the  analysis  of  gas 
engines,  air  compressors  and  other  reciprocating  engines  employing 
permanent  gases,  the  writer  is  in  complete  accord.  There  are, 
however,  many  points  in  connection  with  that  portion  of  the  paper 
which  deals  wdth  steam  engines,  with  which  he  cannot  agree. 

One  of  the  first  questions  which  arises  in  this  connection  is  how 
closely  does  the  expression  P7"  =  C,  represent  the  actual  facts  in 
the  case.  Taking  the  adiabatic  expansion  of  steam  and  plotting  the 
relation  between  the  pressure  and  the  volume  on  logarithmic  paper, 
we  find  that  the  expansion  curve  is  convex  toward  the  origin,  but 
that  the  curvature  is  so  very  slight  as  hardly  to  be  noticeable. 
When  plotted  to  the  scale  which  Mr.  Clayton  uses  and  for  the 
range  in  pressures  employed  in  reciprocating  engines,  the  adiabatic 
expansion  line  is  sensibly  straight. 

In  Par.  164,  Mr.  Clayton  states  that  the  only  irregularities  ob- 
served in  the  compression  lines  of  steam  cards  occur  with  low 
speed,  and  are  in  the  form  of  a  "hook"  which  occurs  at  the  point 
where  the  saturation  temperature  of  the  cushion  steam  rises  above 
the  temperature  of  the  cylinder  walls.  The  writer  has  seen  such 
hooks  due  to  cylinder  condensation,  in  the  compression  curves  of 
cards  from  a  7  by  12  straight  line  engine  running  at  300  r.p.m. 
These  hooks  will  always  occur  with  any  type  of  engine  when  the 
compression  is  sufficiently  great.  They  are  more  pronounced  in 
engines  having  a  small  clearance  volume,  and  the  higher  the  ro- 
tational speed  of  the  engine  the  higher  the  compression  pressure  at 
which  they  occur. 

During  the  expansion  the  steam  is  condensed  at  the  beginning 
of  the  expansion  line  unless  the  drop  in  pressure  during  admission 
is  so  great  that  the  saturation  temperature  of  the  steam  falls  below 
the  temperature  of  the  walls  before  expansion  commences.  Later 
on,  instead  of  condensation  there  is  re-evaporation  during  the  ex- 
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pansion  period.  If  the  adiabatic  line  is  straight  on  the  logarithmic 
plane,  it  follows  that  the  actual  expansion  line  cannot  be,  but  will 
have  a  decided  bend  in  it  at  the  point  where  the  saturation  tempera- 
ture of  the  steam  is  equal  to  that  of  the  cylinder  walls. 

This  effect  is  well  shown  in  the  temperature-entropy  diagram  of 
many  steam  engines  which  has  the  form  shown  in  Fig.  31.  In  this 
figure,  at  the  point  marked  A,  the  expansion  curve  is  tangent  to  the 
adiabatic,  and  this  is  the  point  where  the  temperature  of  the  steam 
becomes  equal  to  the  temperature  of  the  cylinder  walls.  The  tem- 
perature of  the  cylinder  walls  rises  with  the  speed  of  the  engine  and 
consequently  the  bend  in  the  logarithmic  expansion  curve  will  rise, 
until  in  the  case  of  many  high-speed  engines  it  may  be  higher  than 
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Tempekature-Entropy   Diagram    Showing    Form    of    Expansion 

Line 


the  actual  expansion  line,  which  would  be  the  case  in  Fig.  31  if  the 
steam  line  was  the  dotted  line  instead  of  the  full  line. 

The  appearance  of  this  bend  is  exactly  the  same  as  the  appearance 
which  Mr.  Clayton  attributes  to  leakage,  and  it  may  be  questioned 
therefore  whether  leakage  always  exists  when  the  expansion  line 
has  the  form  shown  in  Fig.  13-b. 

In  the  case  of  a  fluid  expanding  in  a  conducting  cylinder,  n  is 
never  a  constant,  but  is  a  variable,  although  the  variation  is  usually 
very  slight  and  nearly  uniform.  Any  appreciable  irregularity  in  the 
logarithmic  expansion  or  compression  line  is  therefore  evidence  of 
leakage  or  of  some  other  disturbing  condition.  We  may  therefore 
expect  that  a  further  study  of  the  logarithmic  expansion  and  com- 
pression lines  will  make  clear  some  very  interesting  facts  in  connec- 
tion with  reciprocating  engines. 
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Par.  42  states  that  the  skin  surface  of  the  cyHnder  must  be  heated 
once  every  cycle  from  the  temperature  acquired  by  contact  with  the 
exhaust  steam  nearly  up  to  the  temperature  of  the  admission  steam. 
This  statement  is  misleading  since  the  range  in  temperature  of  the 
metallic  surface  is  known  to  be  comparatively  small,  being  only 
from  a  fifth  or  a  tenth  of  the  range  of  the  temperature  of  the  steam. 

From  Par.  47  it  is  inferred  that  the  phenomena  occurring  after 
cut-off  are  independent  of  the  form  of  the  cylinder  and  the  relation 
between  the  volume  and  the  clearance  surface.  The  writer  cannot 
believe  that  this  is  quite  true.  By  changing  the  quality  of  steam, 
the  volume,  the  clearance  surface  and  the  speed,  there  may  be 
several  engines  having  the  same  quality  of  steam  at  cut-off,  but  in 
which  the  rate  of  radiation  of  heat  from  cylinder  walls  into  the 
steam  will  be  quite  different.  Under  the  circumstances  different 
values  of  n  may  be  expected  for  the  same  quality  of  steam  at  cut- 
off. The  mere  fact  that  two  or  three  engines  of  apparently  dis- 
similar design  give  substantially  similar  values  for  n  and  Xc  does 
not  disprove  the  possibility  of  this  variation,  and  until  this  point 
receives  further  attention,  it  cannot  be  taken  for  granted. 

In  Par.  64  it  is  stated  that  this  method  is  the  only  one  which 
measures  the  rate  of  steam  consumption  of  an  engine.  A  steam 
meter  may  be  employed  for  the  same  purpose,  and  will  probably 
be  more  accurate.  In  certain  types  of  engines  and  with  certain 
forms  of  indicators  the  error  of  the  expansion  line  due  to  vibration 
will  make  the  method  very  inaccurate.  I  do  not  beheve  that  the 
method  is  sufficiently  accurate  to  warrant  its  use  in  determining 
steam  consumption,  although  it  will  probably  be  very  useful  in 
determining  losses  from  leakage  and  in  showing  whether  or  not  an 
engine  is  operating  under  the  most  economical  conditions  possible. 

The  method  does  not  take  account  of  leakage  and  if  there  is  any 
the  steam  consumption  obtained  will  be  lower  than  the  true  steam 
consumption  of  some  unknown  amount.  Since  there  are  forms  of 
leakage  which  will  not  show  when  the  logarithmic  analysis  is  em- 
ployed, it  follows  that  there  will  be  cases  when  the  steam  consump- 
tion obtained  by  this  method  will  be  too  low  and  yet  there  will  be 
no  evidence  of  the  fact.  On  this  account,  while  the  steam  consump- 
tion may  be  determined  with  reasonable  accuracy  in  many  cases, 
one  can  never  be  sure  whether  the  method  is  accurate  or  not,  and  it 
must  therefore  always  be  looked  upon  with  suspicion. 

In  connection  with  Par.  74,  how  does  this  method  check  with 
itself  when  the  steam  consumption  of  the  high-pressure  and  low- 
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pressure  cylinders  of  a  compound  engine  are  determined  independ- 
ently by  its  use?  Does  it  give  the  same  steam  consumption  for 
both  cylinders  as  it  should?  In  the  same  paragraph  the  writer 
would  call  attention  to  the  fact  that  the  method  cannot  be  applied 
when  the  load  on  the  engine  is  varying,  since  the  temperature  con- 
ditions of  the  cylinder  walls  are  those  acquired  from  a  previous 
revolution,  and  the  quality  at  cut-off  and  the  form  of  the  expansion 
line  will  be  different  from  what  it  would  be  were  the  engine  operating 
with  the  same  cut-off  under  steady  load. 

In  Par.  84  is  given  a  graphical  method  of  determining  the  clear- 


Fig.  32     Graphical  Method  for  Determining  Clearance 


ance  which  is  based  on  the  assumption  that  the  expansion  line 
follows  the  law  PV''  =  C.  The  following  is  submitted  as  a  preferable 
method : 

In  Fig.  32,  CF  is  the  expansion  line  of  a  gas  engine  card  and  OV 
the  axis  of  zero  absolute  pressure.  At  any  point  A  on  this  axis  erect 
the  perpendicular  AB,  and  draw  AN  making  any  convenient  angle 
to  AB.  Draw  CCn  and  draw  C„i)b  making  an  angle  of  45  deg.  with 
AB.  Through  Db  draw  D^D  and  D^Eh  at  45  deg.  Similarly,  draw 
EnE,  EnEh,  and  FbF.  From  F  drop  a  perpendicular  to  OV  and  draw 
FyE„  making  an  angle  of  45  deg.  with  OV.  From  EyDm  drop  a  per- 
pendicular from  D  to  determine  Z)m.  Draw  DyCm  and  drop  a  per- 
pendicular from  C  to  determine  Cm.    If  the  expansion  line  CF  fulfils 
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the  equation  PF°  =  C,  CmD^  and  E^  will  lie  on  the  same  straight 
line  and  that  line  will  intersect  OV  at  the  point  of  zero  volume. 
Erect  OP  at  that  point  which  is  the  origin  of  pressure  and  volume. 
This  method  ^  is  more  elegant,  more  acc-urate,  and  more  simple  than 
the  method  proposed  in  the  paper. 

There  is  no  question  but  what  the  logarithmic  analysis  will  show 
evidence  of  leakage  in  many  cases.  In  certain  cases,  however, 
when  there  are  simultaneous  leaks  of  inlet  and  exhaust  valves,  it  is 
quite  possible  that  no  leakage  can  be  detected.  This  is  also  the  case 
where  the  leakage  takes  place  by  the  bodily  transfer  of  water  under 
the  surface  of  a  slide  valve,  which  is  the  form  of  leakage  most  com- 
mon in  high-speed  engines.  There  is  no  possibility  of  approximating 
the  amount  of  leakage  from  the  logarithmic  diagram.  Data  in 
regard  to  the  relation  of  the  quality  of  the  steam  at  cut-off  and  the 
exponent  of  expansion,  obtained  from  engines  equipped  with  valves 
known  to  be  subject  to  leakage,  should  be  regarded  with  suspicion. 

It  is  a  well-kno^TL  fact  that  an  engine  which  is  apparently  quite 
tight  when  standing,  may  have  considerable  leakage  when  it  is 
running.  So  far  as  I  can  find  from  the  paper,  no  attempt  was  made 
to  determine  the  running  leakage.  It  is  unfortunate  that  Mr.  Clay- 
ton did  not  check  the  quality  of  steam  in  the  cylinder  at  cut-off  by 
the  thermoelectric  methods  employed  by  Callander  and  Nicholson. 
He  did  not  state  whether  the  engines  tested  have  running  leakage  or 
not.  It  is  desirable  to  have  more  evidence  on  this  point,  especially 
before  using  the  method,  for  the  purpose  of  determining  the  steam 
consumption. 

If  experience  justifies  the  claims  for  this  form  of  analysis,  indicators 
which  will  draw  the  logarithmic  diagrams  directly  upon  the  indicator 
card  can  be  manufactured.  The  mathematical  relations  required  are 
quite  simple,  and  there  ought  to  be  no  difficulty  in  constructing  an 
accurate  and  simple  apparatus  for  the  purpose.  Of  course  such  an 
indicator  will  not  draw  correct  diagrams  unless  the  clearance  of  the 
engine  has  been  determined  and  the  apparatus  adjusted  accordingly. 
If,  however,  the  indicator  can  be  adjusted  until  the  expansion  lines 
are  straight,  it  will  be  possible  to  use  the  apparatus  without  deter- 
mining the  clearance. 

TiFE  AtJTiiOK.  It  is  gratifying  to  find  that  the  development 
of  the  new  methods  of  analyzing  c^^linder  performance  described 
in  the  paper  and  the  conclusions  reached  regarding  them  should 

^  For  the  proof  see  Practical  Thermodynamics,  McGraw-Hill  Book  Co.,  pp. 
33  to  35. 
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be  SO  generally  admitted  and  approved,  especially  since  these 
methods  involve  a  most  radical  departure  from  the  beliefs  and 
teachings  which  have  been  held  for  the  last  fifty  or  sixty  years. 

The  only  serious  objection  which  has  been  brought  out  is  the 
effect  of  valve  leakage,  i.e.,  the  leakage  of  steam  through  the 
valve  in  single- valve  engines  which  does  not  enter  the  cylinder, 
on  the  method  of  determining  steam  consumption. 

The  relative  importance  of  this  objection  resolves  itself  into 
the  actual  amount  that  this  form  of  leakage  assumes  in  practice 
and  the  relative  size  and  number  of  single-valve  engines  in 
service  as  compared  with  the  total  horsepower  of  steam  engines 
used  in  plants  where  the  highest  economj^  is  essential. 

The  relations  of  the  values  of  n  and  the  quality  of  st«am  at 
cut-off,  given  in  Fig.  6,  are  primarily  applicable  to  engines  of 
the  general  type  of  that  tested,  that  is,  Corliss  or  four-valve  en- 
gines in  which  all  the  steam  passes  through  the  cylinder. 

The  elimination  of  valve  leakage  was  the  motive  which  led 
to  the  use  of  a  Corliss  engine  to  determine  the  constants  given, 
as  explained  in  Par.  14.  It  is  obvious  that  any  steam  lost  by 
valve  leakage  has  no  effect  ujoon  the  diagram  and  therefore  can- 
not be  accounted  for.  The  importance  of  leakage  of  any  kind 
in  affecting  the  results  of  the  steam  consumption  method  is 
fully  pointed  out  in  Par.  67,  69,  73  and  74. 

The  steam  consumption  method  is  however  a  direct  means  of 
measuring  valve  leakage,  since  the  steam  and  water  present  in 
the  cjdinder  may  be  accurately  accounted  for.  This  method  has 
since  been  used  with  a  high  degree  of  accuracy  in  connection 
with  the  measurement  of  boiler-feed  to  measure  the  valve  leak- 
age of  a  locomotive  engine. 

The  single-valve  engine  is  not  an  important  factor  in  large 
steam  engine  plants  where  power  must  be  produced  at  the  low- 
est possible  expenditure  of  steam.  It  is  used  more  generally  in 
installations  where  its  low  first  cost  is  important  and  where  its 
high  steam  consumption  is  not  objectionable,  as  in  small  isolated 
plants  having  need  of  all  exhaust  steam  for  heating,  in  auxiliary 
machinery,  and  also  in  locomotives  and  marine  engines  because 
their  service  conditions  demand  the  simplest  possible  type  of 
engine.  Howe^'er  the  valves  employed  in  locomotives  and  ma- 
rine engines  usually  leak  very  little  steam,  measured  as  the  pro- 
portion of  the  total  amount  used,  on  account  of  the  high  speed 
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of  the  engine  giving  large  specific  capacity  for  the  size  of  the 
valve,  and  also  because  the  hirge  size  of  the  valve  enables  a  very 
close  fit  to  be  made. 

The  greatest  field  for  the  steam  consumption  method  will  be 
found  in  plants  where  the  highest  steam  economy  is  essential, 
or  where  tests  are  impracticable  due  to  service  conditions,  and 
in  this  field  the  small  single-valve  engine  is  relatively  unimpor- 
tant. 

'J'he  engine  tested  by  Mr.  George  Mitchell  and  quoted  by  Mi'. 
Stevens  was  only  6  in.  by  6  in.  in  size.  The  80-h.p.  engine  tested 
by  Mr.  Stevens  has  a  cylinder  probably  not  larger  than  12  in,  by 
12  in.  in  size.  It  is  only  in  the  very  small  single-vah^e  engines, 
which  are  unimportant  from  a  power  standpoint,  that  valve 
leakage  reaches  the  value  of  20  per  cent,  a  figure  Mr.  Stevens 
uses  as  an  average  for  single-valve  engines.  Even  small  single- 
valve  engines  may  have  very  little  valve  leakage  as  will  be  seen 
from  the  three  examples  of  this  type  of  engine  given  in  Table  4. 
The  two  smaller  engines,  141/2  in.  by  13'  in.  in  size,  were  tested  by 
Mr.  George  H.  Barrus,  and  the  test  results  together  with  the 
diagrams  were  taken  from  his  book.  Steam  Engine  Tests.  The 
average  difference  of  the  steam  consumption  for  these  three  en- 
gines, as  determined  from  the  diagram  and  the  test  consumption, 
is  7  per  cent,  all  of  them  being  within  the  8  per  cent  given  in  the 
paper. 

Mr.  Stevens'  estimate  of  the  average  amount  of  valve  leakage 
shows  that  he  has  totally  neglected  to  take  into  account  the  most 
important  type  of  single- valve  engine,  the  steam  locomotive.  It 
is  absolutely  impossible  for  the  valves  of  locomotive  engines 
to  leak  any  considerable  amount  and  still  obtain  the  high  steam 
economy  which  is  found  on  test  plants.  When  a  locomotive  valve 
does  leak  as  much  as  20  per  cent  a  loud  steady  "  blow  "  is  heard 
between  exhausts. 

The  etTect  of  leakage  upon  the  application  of  the  steam  con- 
sumption method  may  be  summed  up  as  follows:  If  a  properly 
taken  indicator  diagram  is  obtained  from  a  noncondensing  non- 
jacketed  Corliss  or  four- valve  engine,  and  if  the  logarithmic 
diagram  shows  that  there  is  no  serious  leakage,  the  constants  of 
Fig.  6  will  give  the  steam  consumption  as  stated  in  Par.  74. 
If  however  the  same  procedure  is  followed  for  a  single-valve 
engine  of  the  same  type,  the  result  depends  upon  the  amount  of 
valve  leakage,  but  usually  with  a  fair   sized  engine   and   the 


1192         ANALYSIS    OF    CYLINDER    PERFORMANCE    OF    ENGINES 

valves  in  good  condition,  the  steam  consumption  may  be  ob- 
tained from  the  diagram  to  within  a  maxiiinmi  difference  of  8 
per  cent  of  the  test  results,  as  shown  in  Table  4. 

The  results  obtained  by  Mr.  Rice  in  his  applications  of  the 
method  corroborate  the  figures  given  in  the  paper. 

The  variation  of  the  n-Xo  law  with  pressure  mentioned  by 
Mr.  Moss  has  been  verified  further  in  work  on  locomotive  en- 
gines. The  distinction  between  different  pressures  rests  upon 
the  average  coordinates  of  the  points  found  at  each  pressure, 
although  the  average  of  all  pressures  gives  results  which  are 
nearly  as  close. 

Professor  Heck's  analysis  of  the  heat  transfer  of  series  V  of 
Table  1  corroborates  the  statement  in  the  paper  that  w  is  a  con- 
stant for  ordinary  conditions.  The  author  has  found,  as  Pro- 
fessor Heck  mentions,  that  there  is  a  tendency  at  very  early  cut- 
off for  n  to  be  high  at  first  and  then  fall  to  a  lower  value. 
Curves  No.  3  and  5  in  Fig.  30  depart  widely  from  the  polytropic 
law  due  to  the  extremely  low  speed  and  probabh^  also  to  steam- 
valve  leakage  during  the  latter  part  of  expansion. 

Mr.  Marquis  describes  one  of  the  broadest  fields  of  usefulness 
for  the  new  analysis,  and  shows  that  results  may  be  obtained  by 
its  use  which  have  not  yet  been  obtained  by  means  of  present 
methods.  A  large  number  of  locomotive  tests  have  been  analyzed 
since  this  paper  was  written. 

Mr.  Young  questions  the  statement  in  Par.  8  concerning  the 
usefulness  of  older  methods  of  analysis.  This  statement  is  fully 
substantiated  by  the  general  results  of  the  analysis.  Previously 
no  accurate  method  of  obtaining  the  steam  consumption  from  the 
diagram  was  in  use,  nor  was  any  method  known  of  determining 
leakage  from  the  diagram  with  the  engine  in  regular  operation, 
and  although  several  attempts  had  been  made  to  determine  leak- 
age b}'  the  divergence  of  the  expansion  line  from  an  equilateral 
hj'perbola,  yet  the  methods  followed  generally  possessed  no 
meaning  and  gave  results  of  no  value.  The  old  method  of  obtain- 
ing the  clearance  of  a  steam  diagram  is  fully  explained  in  Par. 
130,  which  shows  its  unreliability  and  that  it  is  founded  on 
wrong  premises.  No  method  of  locating  the  cyclic  events  ac- 
curately was  in  use,  especially  for  the  events  of  a  locomotive 
diagram. 

The  quality  of  the  steam  mixture  at  cut-off,  called  Xc ,  obtained 
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in  the  engine  tested  when  using  superheated  steam,  is  below  unity 
because  the  degree  of  su}>eriieat  at  the  engine  throttle  was  only 
from  50  deg.  to  125  deg.  fahr.,  and  also  because  of  the  small  12 
in.  by  24  in.  cylinder.  Mr.  Young  probably  has  in  mind  locomo- 
tive cylinders  of  about  27  in.  by  28  in.,  and  degrees  of  superheat 
of  from  200  to  250  deg.  fahr.  These  conditions  result  in  the 
steam  being  superheated  about  50  to  90  deg.  fahr.  at  cut-off. 

The  locomotive  tests  mentioned  by  Mr.  Young  have  already 
been  analyzed  and  the  data  will  soon  be  available  for  use. 

Mr.  Stan  wood  questions  the  low  values  of  Xo  obtained  from  the 
engine  tested  when  saturated  steam  is  used  and  compares  them 
^^  ith  the  figures  of  Mr.  Barrus  for  the  same  cut-off  values  of 
other  engines.  The  engines  mentioned  by  Mr.  Barrus  had  cylin- 
der displacements  several  times  larger  than  the  small  engine 
tested,  and  the  difference  in  the  value  of  Xe  is  due  to  small  size 
which  relatively  increases  the  cylinder  surface  per  cubic  foot  of 
displacement  space.  Mr.  Stanwood  is  right  in  suspecting  that 
some  of  these  engines  were  tested  by  Mr.  Barrus,  in  fact,  about 
half  of  them  were  taken  from  his  book,  Steam  Engine  Tests. 

The  engine  used  was  carefully  tested  for  leakage  by  the  usual 
standing  tests  and  also  by  running  the  engine  with  steam  on  the 
crank  end  only,  and  taking  off  the  cylinder  head  to  observe  piston 
leakage.  It  may  be  stated  that  valves  and  piston  were  practicall}^ 
tight  when  judged  by  these  tests.  The  tightness  of  these  parts 
was  further  demonstrated  by  the  form  of  the  logarithmic  dia- 
grams obtained  from  the  engine,  one  of  which  is  shown  in  Fig.  9. 

Professor  Ennis'  high  values  of  n  for  compression  of  steam  are 
probably  due  to  leakage  from  the  steam  chest  into  the  cylinder  at 
this  point  as  he  states  in  his  discussion.  Leakage  through  the 
steam  valve  however  does  not  affect  the  early  part  of  expansion, 
as  stated  by  Professor  Ennis,  but  only  the  latter  part  of  expan- 
sion when  there  is  considerable  difference  in  pressure  between 
the  steam  in  the  cylinder  and  that  in  the  steam  chest.  This  phase 
of  leakage  is  treated  in  Par.  109,  etc. 

Professor  Cardullo  is  correct  in  saying  that  the  law  PV''=G 
does  not  perfectly  express  the  adiabatic  expansion  of  steam. 
This  law  does  express  it  however  to  Avithin  an  average  error  of 
less  than  1/5  of  1  per  cent  for  saturated  steam,  as  may  be  seen 
by  referring  to  Bulletin  No.  58,  page  81,  of  the  University  of 
Illinois  Engineei'ing  Experiment  Station.    However  the  question 
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as  to  Avhether  the  polytropic  law  PV''=^C  expresses  the  adiabatic 
expansion  of  steam  has  no  direct  bearing  on  the  application  of 
this  law  to  the  actual  expansions  occurring  in  practice. 

The  evidence  gained  from  plotting  over  1600  logarithmic  dia- 
grams from  over  60  different  engines  using  steam,  air,  gas  and 
ammonia  amjih'  substantiates  the  statement  that  expansion  and 
compression  of  elastic  media  obey  the  polytropic  law  except 
Avhere  certain  exceptional  conditions  exist. 

Professor  CarduUo  contends  that  since  adiabatic  expansion 
gives  a  straight  line  in  the  logarithmic  diagram,  it  follows  that 
the  actual  expansion  cannot  be  sti-aight.  It  must  be  remembered 
in  this  connection  that  theories  are  courses  of  thought  which 
express  the  causes  of  facts,  and  that  facts  never  conform  to  theo- 
ries when  these  theories  are  incomplete  and  are  based  on  wrong 
premises. 

The  present  status  of  the  actual  forms  of  expansion  curves  in 
cylinders  and  the  amount  and  direction  of  the  heat  transfei*  that 
has  therefore  taken  place  to  give  the  curves  is  as  follows:  The 
facts  gathered  from  1600  examples  prove  that  expansion  and 
compression  curves  obey  substantially  the  polytropic  law  under 
normal  conditions  of  cylinder  tightness,  etc.;  therefore  it  fol- 
lows that  any  theories  which  lead  to  other  conclusions  are  incom- 
plete and  are  not  supported  by  the  facts,  and  hence  these  theo- 
ries must  be  discarded  or  revised  to  express  the  facts. 

The  bend  in  the  expansion  line  of  Fig.  31  is  the  same  as  that 
caused  by  large  leakage  from  the  cylinder;  tight  engines  do  not 
give  this  abnormal  effect. 

Professor  Cardullo's  hypothesis  concerning  the  relation  be- 
tween the  volume  and  the  clearance  surface  is  fully  answered  by 
actual  examples  given  in  Table  4.  Analysis  Nos.  106  «  and  110 
are  two  examples  which  prove  that,  given  the  same  values  of 
X^,  the  values  of  n  which  result  are  practically  the  same  regard- 
less of  cylinder  size  or  form  and  of  engine  speed.  In  this  matter, 
as  in  the  matter  of  polytropic  expansion,  facts  take  precedence 
over  theories. 

When  steam  jnetei's  are  used  to  measure  the  rate  of  steam  flow 
to  reciprocating  engines,  the  makers  of  this  apparatus  state  that 
the  calibration  obtained  with  steady  steam  flow  no  longer  holds 
for  the  intermittent  flow  of  steam  engines,  and  that  these 
meters  have  to  be  recalibrated  by  an  actual  test  for  each  individ- 
ual location  to  give  reliable  readings. 
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The  steam  consumption  of  the  high  and  low-pressure  cylinders 
of  compound  engines  check  each  other  very  well  in  work  done 
since  this  paper  was  written. 

The  varying  temperatures  in  a  cylinder  due  to  swinging  loads 
do  not  alter  seriously  the  accuracy  of  the  steam  consumption 
method. 

The  clearance  method  offered  by  Professor  Cardullo  is  the  re- 
verse of  the  old  method  of  constructing  graphically  a  curve  of 
the  form  PV^^^C.  It  is  shorter  than  the  logarithmic  method, 
but  it  is  neither  as  accurate  nor  as  simple.  It  is  not  as  accurate 
for  the  reasons  given  in  Par.  90,  nor  as  simple  because  the  trigo- 
nometric relations  used  involve  a  higher  degree  of  mathematical 
education  than  the  mere  selecting  of  the  straight  line  position 
on  the  logarithmic  diagram  according  to  directions. 

With  regard  to  a  further  amplification  of  the  analysis,  sug- 
gested by  several  of  the  members  who  have  discussed  the  paper, 
the  purpose  in  writing  the  paper  was  to  establish  the  broad  prin- 
ciples of  the  analysis,  and  to  give  sufficient  examples  to  show  how 
these  principles  are  applied  and  some  of  the  results  attained  by 
their  application. 


STRENGTH  OF  STEEL  TUBES,  PIPES  AND  CYL- 
INDERS UNDER  INTERNAL  FLUID   PRESSURE 

By  Reid  T.  Stewart,  Published  in  The  Journal  for  April 
ABSTRACT  OF  PAPER 

A  comparison  of  the  theoretical  formulae  for  the  strength  of  steel  tubes,  pipes, 
and  cylinders  under  internal  fluid  pressure  shows  that: 

a  Clavarino's  formula  is  theoretically  correct  for  cylinders  with  attached 
heads,  and  Birnie's  formula  for  heads  held  independently.  These 
formulae  are  practically  applicable  to  certain  classes  of  seamless  steel 
tubes  and  cylinders  and  to  critical  examination  of  ordinary  commer- 
cial steel  tubes,  pipes  and  cylinders  when  sufficiently  accurate  data 
are  available. 

b  In  commercial  welded  pipe  the  variation  in  thickness  of  wall,  per- 
fection of  weld,  etc.,  account  for  variation  in  bursting  strength  of 
sufficient  magnitude  to  render  unnecessary  any  consideration  of 
Clavarino's  or  Birnie's  condition  of  head  support.  All  such  varia- 
tions give  rise  to  errors  on  the  side  of  danger  when  applying  these 
formulae. 

c  For  ordinary  commercial  wrought  pipe  Barlow's  formula  is  to  be  pre- 
ferred.    This  formula  is 

f      D  D  "   f'  •'     "    t 

where  D  =  outside  diameter  in  in. 

i  =  nominal  or  average  thickness  of  wall  in  in. 

p=internal  fluid  pressure  in  lb.  per  sq.  in. 

n=  safety  factor  as  based  on  ultimate  strength 

/  =  fiber  stress  in  lb.  per  sq.  in. 

40,000 
= for  butt-welded  steel  pipe 

for  lap-welded  steel  pipe 

for  seamless  steel  tubes 

for  wrought-iron  pipe 


n 
28,000 
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DISCUSSION 

C.  M.  Sames.^  About  four  years  ago  the  writer  had  occasion  to 
make  a  considerable  number  of  calcuUitions  on  the  strength  of 
cyUnders,  and  employed  C.  Bach's  formula  given  in  Des  Ingenieurs 
Taschenbuch  "Huette."  This  formula,  adopting  Professor  Stew- 
art's notation,  is  identical  with  Clavarino's,  excepting  that  both 
numerator  and  denominator  of  the  fraction  under  the  radical  sign 
are  divided  by  ten.  Inspection  of  a  numerical  table  accompanying 
Bach's  formula  revealed  the  fact  that  it  was  possible  to  write  an 
extremely  simple  expression  that  would  give  practically  the  same 
values.    This  expression  is 

0.42  pDz 

f-p 
and  it  yields  results  in  no  case  deviating  more  than  1.4  per  cent  from 
those  obtained  by  using  Bach's  (Clavarino's)  formula  for  a  range  of 
f=Sp  to  f=  lOOp.  This  formula  was  first  published  in  the  1909  edi- 
tion of  an  engineering  handbook  compiled  by  the  writer.  Inasmuch 
as  the  value  (0.3)  assumed  for  Poisson's  ratio  is  at  best  an  approxima- 
tion, the  simplified  expression  may  be  used  with  confidence  where 
the  Clavarino  formula  is  called  for. 

The  same  expression  may  be  used  in  place  of  the  Birnie  formula  by 
substituting  the  numerical  coefficient  0.495  for  0.42  when/=10p  to 
lOOp,  and  0.483  when  f=3p  to  lOp.  In  the  first  case  the  maximum 
deviation  from  the  values  obtained  when  using  Birnie's  formula  is 
less  than  1  per  cent;  in  the  second,  less  than  1.6  per  cent. 

The  practical  accuracy  of  this  simplified  formula  maj^  be  shown 
by  using  it  to  solve  Problem  2  in  Professor  Stewart's  paper.  Here 
it  is  required  to  determine  the  fiber  stress  /  in  the  wall  of  a  cylinder 
stressed  both  longitudinally  and  circumferentially,  the  outside  diam- 
eter being  5.5  in.,  thickness  f  =  0.25  in.  (making  D2  =  5  in.),  and 
p  =  1500  lb.  per  sq.  in.  Substituting  these  values  in  the  simphfied 
formula 

0.25=  (0.42X  1500X5) -^(f- 1500) 
from  which  0.25  f-S75  =  3150,  and  f  =  14,200  lb.  per  sq.  in.  Professor 
Stewart's  method,  using  his  table,  gives  /"=  14,200  lb.;  using  the 
Clavarino  formula,  f=  14,093  lb.  The  discrepancy  here  is  due  to 
the  fact  that  Professor  Stewart  used  the  nearest  tabular  value  in- 
stead of  interpolating. 

'  Editor,  Industrial  Engineering,   New   York 
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T.  A.  Marsh.     Lame's  formula  may  perhaps  be  arranged  in  a 
more  convenient  form  than  that  shown  in  Par.  17,  as  follows: 
Using  the  notations 

aS  =  Maximum  allowable  fiber  stress  per  square  inch 
i?  =  Outer  radius  of  cylinder,  in  inches 
r  =  Inner  radius  of  cylinder,  in  inches 
P  =  Working  pressure  within  the  cylinder 
T  =  R  —  r  thickness  of  the  cylinder  wall,  in  inches 

S  =  p^^^£L [11] 

R  =  rJ^±^ 112] 

^  S-P 

r  =  Rj^Z:l [13] 

^  S+P 

p=.S- — ?- [14] 

R^-\-r'- 

--'Ul^-^) t-1 

""  =  ^^+1 [16] 

r       \  S-P 

Using  equation  [16]  the  writer  at  one  time  prepared  Table  5  of 
ratios  of  outer  to  inner  radii  over  a  range  of  allowable  stresses  and 
working  pressures  such  as  are  usually  encountered  in  the  design  of 
hydraulic  press  cylinders. 

In  high-pressure  work  of  the  nature  above  referred  to,  it  is  evident 

that  metals  of  low  tensile  strength  have  early  limitations.     Con- 

jp 

sidering  equation  [16],  it  is  evident  that  the  ratio  -    increases    very 

r 

rapidly  as  the  working  pressure  approaches  the  allowable  stress  S. 

The  ratio  becomes  infinite  when  P  =  S  and  becomes  an  imaginary 

quantity  when  P>S.     This  means  commercially  that  there  is  a 

limiting  pressure  beyond  which  it  is  impossible  to  design  a  safe 

cylinder,  and  a  metal  of  higher  tensile  strength  must  be  employed. 

The  cost  of  materials  will  define  the  point  bej^ond  which  it  is  economy 

to  resort  to  better  grades  of  metal. 


Sanford  a.  Moss.     For  the  two  tests  which  Professor  Stewart 
gives  in  Par.  31,  and,  in  fact,  for  most  cases  of  commercial  tubes  and 
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pipes,  the  ratio  of  wall  thickness  to  outer  diameter  is  so  small  that 
there  is  no  appreciable  difference  between  the  various  formulae 

mentioned.     For  such  cases,  say  for up  to  about  0.03,  Professor 

Stewart's  use  of  Barlow's  formula  as  being  best  for  engineering  pur- 
poses is  undoubtedly  justifiable  for  the  reasons  which  he  gives. 

For  the  case  of  thick  cylinders  where  the  ratio  —  has  a  large  value 

there  is  a  great  deal  to  be  said,  however,  in  addition  to  the  data 
which  Professor  Stewart  gives.  For  such  cases  he  seems  to  imply 
that  Clavarino's  or  Birnie's  formulae  are  proper  ones  to  use  for  the 
respective  cases  with  and  without  end  heads.  According  to  Guest's 
maximum  shear  law,  which  is  now  usually  accepted,  these  formulae 
are  considerably  in  error. 

In  any  case  in  which  there  are  stresses  in  two  or  three  directions 
at  once,  some  criterion  must  be  known  for  computation,  from  the 
various  stresses  and  strains,  of  an  effective  stress,  which  corresponds, 
so  far  as  yielding  is  concerned,  to  the  stress  in  a  bar  under  simple 
tension  in  a  testing  machine. 

The  theory  of  elasticity  as  it  has  existed  for  years  gives  complete 
information  regarding  the  computation  of  the  stresses  and  strains, 
and  the  only  matter  of  question  is  the  criterion  for  the  effective  stress. 
In  a  thick  cylinder  subject  to  internal  fluid  pressure  there  is  a  tan- 
gential stress  which  is  a  maximum  at  the  inner  radius,  and  a  radial 
stress.  At  the  inner  radius,  the  radial  stress  is  equal  to  the  pressure. 
If  the  cylinder  has  heads  there  is  in  addition  an  axial  stress,  due  to 
the  load  of  the  pressure  on  the  inner  circle,  uniformly  distributed 
over  the  area  given  by  the  difference  between  the  circles. 

An  old  theory  of  the  matter  was  the  "maximum  stress"  theory. 
This  stated  that  yielding  would  begin  when  the  maximum  stress  in 
any  direction  reached  the  yield  point  for  simple  tension,  regardless 
of  the  existence  of  the  other  stresses. 

The  Lame  formula,  cited  by  Professor  Stewart,  correctly  gives 
the  maximum  stress,  which  is  the  tangential  stress  at  the  inner 
diameter.  Therefore,  according  to  the  maximum  stress  theory,  it  is 
the  effective  stress  which  must  be  considered  in  design  work.  This 
theory,  however,  seems  to  be  wholly  abandoned. 

Another  old  theory  is  the  "maximum  strain"  theory,  and  it  is  on 
this  that  Clavarino's  and  Birnie's  formulae  are  based.  This  states 
that  yielding  begins  when  the  strain  or  deformation  in  any  direction, 
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due  to  the  stress  in  that  direction  as  well  as  to  the  lateral  contrac- 
tion due  to  stress  or  stresses  at  right  angles,  reaches  the  value  cor- 
responding to  yielding  due  to  simple  tension. 

The  simple  stress  which  would  produce  such  a  strain  is  called  the 
true  stress  and  is  found  by  adding  to  the  actual  stress,  called  the 
apparent  stress  in  this  theory,  three-tenths  of  any  stress  at  right 
angles  wdth  proper  signs.  The  factor  0.3  is  the  value  taken  for 
Poisson's  ratio. 

In  a  thick  cylinder  the  maximum  strain  is  the  tangential  strain 
at  the  inner  diameter.  The  Birnie  formula,  which  is  the  maximum 
strain  formula  for  a  thick  cylinder  without  heads  is,  therefore,  ob- 
tained by  adding  to  the  tangential  stress  given  by  the  Lame  formula 
0.3  of  the  internal  pressure,  which  is  the  radial  compressive  stress. 

The  Clavarino  formula  is  the  maximum  strain  formula  for  the  case 
of  a  cylinder  with  heads.  The  axial  tension  decreases  the  tangential 
strain  so  that  the  effective  stress  for  a  cylinder  with  heads  is  less 
than  when  there  are  no  heads,  according  to  the  maximum  strain 
theory.  This  is  shown  by  the  difference  between  the  Birnie  and 
Clavarino  curves  in  Figs.  3  and  4. 

The  "maximum  shear  "  theory  originated  by  Guest  in  England  and 
Mohr  in  Germany  is  now  usually  accepted  by  engineers  who  have 
investigated  the  matter.  This  states  that  yielding  begins  when  the 
shearing  stress  reaches  a  certain  value.  Hence,  when  there  are 
stresses  in  different  directions  it  is  necessary  to  compute  that  simple 
stress  which  produces  an  equal  maximum  shear.  It  can  be  shown 
that  when  there  are  two  stresses  with  opposite  signs  the  effective 
simple  stress  is  the  numerical  sum  of  the  two  values.  In  the  present 
case  the  maximum  effective  stress  is  at  the  inner  diameter  and  is 
found  by  adding  to  the  tangential  tensile  stress  given  by  Lame's 
formula,  the  radial  compressive  stress,  given  by  the  internal  pressure. 
The  situation  is  the  same  whether  there  are  heads  or  not,  since 
the  axial  tension  added  by  the  heads  is  less  than  the  tangential 
tension  and  makes  no  difference  in  the  shear  due  to  the  tangential 
tension  and  radial  compression.  The  equivalent  stress  thus  com- 
puted is  greater  than  that  computed  by  Birnie's  formula,  since  the 
whole  radial  stress  is  added  instead  of  0.3  of  it.  It  is,  of  course, 
greater  than  Clavarino's  formula,  since  nothing  is  subtracted  on 
account  of  the  axial  tension  caused  by  the  heads. 

Using  Professor  Stewart's  notation,  the  effective  stress  as  thus 
computed  on  the  basis  of  the  maximum  shear  theory  is  as  follows : 
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f        DA        Dy 

This  is  the  formula  which  the  writer  believes  should  be  used  for 
thick  tubes  and  cylinders  instead  of  the  formulae  cited  by  Pro- 
fessor Stewart. 

It  will  be  noted  that  this  is  the  same  as  Barlow's  formula,  with  the 


factor  I  1 1,  giving  a  decrease  of  safe  pressure.     This  formula 

always  gives  values  lower  than  the  old  formulae  given  by  Professor 
Stewart.  As  stated,  the  result  is  the  same  with  and  without  the 
heads,  whereas  the  Clavarino  formula  gives  an  increase  of  safe  pres- 
sure when  there  are  heads. 


PROBLEMS    IN   NATURAL   GAS  ENGINEERING 

By  Thos.  R.  Weymouth,  Published  in  The  Journal  for  May 

ABSTRACT  OF  PAPER 

In  the  production  and  transportation  of  natural  gas  many  problems  are  en- 
countered requiring  special  applications  of  engineering  principles.  It  is  the 
purpose  of  this  paper  to  point  out  the  most  important  of  these  and  to  outline  the 
methods  of  solution.  A  brief  discussion  is  given  of  the  properties  of  natural  gas, 
including  a  table  of  analyses  of  gases  produced  in  the  principal  gas  fields  of  the 
United  States,  together  with  a  formula  connecting  the  heating  value  of  the 
natural  gas  with  its  specific  gravity.  This  is  followed  by  the  development  of  the 
original  formulae  for  the  flow  of  gas  in  pipe  lines,  the  power  required  for  com- 
pression and  the  storage  capacity  of  lines,  and  examples  are  worked  out  showing 
the  general  method  of  design  of  a  transmission  system. 

DISCUSSION 

C.  N.  Cross.  There  is  one  locality  in  the  California  oil  fields 
which  promises  to  become  commercially  important  in  the  produc- 
tion of  natural  gas,  viz.,  the  Sunset-Midway  district.  A  single 
AveJl  has  for  the  past  two  years  been  producing  sufficient  gas  to 
supply  the  entire  citj^  of  Los  Angeles. 

That  this  statement  is  not  an  exaggeration  will  be  more  readily 
understood  when  it  is  known  that  the  initial  rock  pressure  of  the 
gas  in  the  field  is  often  more  than  2000  lb.  per  sq.  in.  When 
these  gas  pockets  are  first  opened  the  string  of  tools  is  often 
thrown  from  the  well  and  over  the  top  of  a  90-f t.  derrick.  Some- 
times large  quantities  of  sand  and  boulders  weighing  15  to  20  lb. 
each  are  ejected  from  the  mouth  of  the  well.  Under  such  condi- 
tions there  are  very  lively  times  getting  the  well  under  control. 
For  lack  of  transportation  facilities  this  immense  quantity  of 
o-as  is  largelv  being  lost. 
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Noting  the  absence  of  California  gases  from  Mr.  Weymouth's 
(:iMe  of  analysis,  the  writer  })resents  Table  4.  The  lii-st  (ive 
analyses  wei'e  obtained  in  connection  with  the  writer's  work  in 
the  oil  fields. 

The  sum  total  of  the  constituents  of  these  five  samples  varies 
from  99.0  to  99.9  per  cent.  This  irregularity  is  due  to  the  fact 
that  the  measuring  ])urette  used  could  be  read  only  to  the  nearest 
0.2  per  cent,  and  no  attempt  Avas  made  to  determine  the  rarer 
gases.     The  j)ercentage  of  nitrogen  was  read  from  the  burette 
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Fig.  14 


Relation  of  Calorific  Value  and  Specific  Gravity  for 
California  Gases 


instead  of  subtracting  the  sum  of  the  other  gases  from  100  per 
cent.  The  remaining  ten  samples  were  analyzed  by  the  Bureau 
of  JSIines  and  published  in  the  Bureau  of  Mines  Bulletin,  No.  19, 
1911.    In  every  case  the  total  of  these  analyses  is  100  per  cent. 

The  peculiar  feature  of  the  California  gases  is  the  unaccount- 
fibly  high  percentages  of  carbon  dioxide  present.  The  fact  that 
California  oils  are  of  an  asphaltic  base  may  in  some  way  be  re- 
sponsible for  the  large  percentage  of  carbon  dioxide.  Roughly, 
the  straight  line  law  connecting  the  calorific  value  and  the  spe- 
cific gravity,  shown  by  Mr.  Weymouth,  holds  for  these  gases,  but 
the  slope  of  the  line.  Fig.  14,  is  reversed  due  to  the  presence  of 
the  carbon  dioxide  in  large  proportions. 


BITUMINOUS  COAL  PRODUCERS  FOR  POWER 

By  C.  M.  Garland,  Published  in  Thk  Journal  for  June 
ABSTRACT  OF  PAPER 

The  paper  describes  the  apparatus  and  general  arrangement  of  bituminous 
coal  producers  as  designed  for  power.  The  scrubbing  apparatus  is  described  in 
detail,  data  given  on  its  efficiency,  and  the  amount  of  solid  matter  delivered 
in  the  gas.  Data  on  the  efficiency  of  the  plant,  composition  of  the  gas,  and 
operating  costs,  together  with  brief  discussions  on  these  items  are  also  included. 
Figures  for  the  first  cost  and  operating  costs  at  full  load  for  a  1200-b.h.p.  plant 
are  given  in  such  a  way  as  to  make  them  applicable  to  different  conditions  of 
fuel  and  load. 

DISCUSSION 

O.  p.  Hood  expressed  the  desire  to  have  in  this  country  some 
way  of  using  very  low  grade,  very  high  ash  fueL  Coal  is  too 
cheap  now  to  bring  that  into  immediate  use,  but  that  source  of 
supply  will  doubtless  be  called  upon  in  future.  In  looking  over 
Mr.  Garland's  paper  he  noticed  in  the  analyses  of  the  coal  a 
great  proportion  of  CH^.  In  some  of  the  work  at  Pittsburgh,  in 
reviewing  that  particular  item,  it  was  found  that  what  has  been 
credited  as  CH^  was  probably  CO,  and  the  analysis  of  gas  which 
shows  a  considerable  proportion  of  CH^  is  a  little  doubtful.  The 
chemists  ought  to  review  a  little  their  methods  of  determining 
this  quantity. 

E.  D,  Dreyfus  asked  if  Mr.  Garland  in  determining  his  ef- 
ficiencies determined  the  power  to  drive  the  tar  extractor,  and 
how  the  samples  of  gas  were  taken,  to  which  Mr.  Garland  replied 
that  the  figures  given  in  the  paper  do  not  include  the  power  for 
driving  the  tar  extractor,  but  this  power  is  stated  to  vary  from 
5  per  cent  of  the  b.h.p.  of  the  n.    The  samples  were  usually  taken 
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over  a  period  of  al>ou(,  30  iniiiutes,  and  drawn  througli  a  cali- 
bra  t<»d  nietei". 

'J.  A.  Maksh  a^kcd  why,  witli  llic  ptibli.slu'd  low  cost  of  |)o\vci- 
from  gas  producers,  public  service  corporations  are  buying  steam 
plants.  He  said  he  wo\ild  like  to  laiow  what  can  be  expected  in 
the  large  power  plant  with  a  peak  of  10,000  kw.  or  over,  and 
when  the  small  plant  of  say  1000  kw.  can  be  expected  to  consider 
producers,  say  in  XeAv  York.  Pittsburgh,  Cleveland  and  St. 
Louis. 

E,  D.  Dkeyfus  stated  in  this  connection  that  at  the  present  pre- 
vailing price  of  fuel,  a  producer  plant  is  commercially  limited  to 
sizes  under  1000  kw. 

C.  W.  Bakp:r  referred  to  a  passage  in  Mr.  Garland's  paper  in 
which  it  is  said  that  with  exhaust  boilers  for  gases  discharged 
from  the  gas  engine,  these  gases  should  not  be  reduced  in  tem- 
perature below  220  deg.  fahr..  unless  a  cast-iron  boiler  is  used. 
Mr.  Baker's  impression  is  that  these  gases  will  i)roduce  no  cor- 
rosion provided  their  temperature  is  not  reduced  l)elow  212  deg., 
but  if  there  is  any  sulphur  at  all  in  the  fuel,  even  a  cast-iron 
boiler  will  not  stand  it  long.  Within  24  hours  Mr.  Baker  had 
seen  a  good  solid  block  of  steel  that  had  been  a  piston  rod  eaten 
into  a  honeycombed  mass. 


SOME  TESTS  ON   CARBURETERS 

Bt  George  W.  Munro,   Published  in  The  Journal  for  March 
ABSTRACT  OF  PAPER 

The  paper  outlines  the  problem  of  carburation  for  motor  vehicle  engines  and 
points  out  the  difficulties  met  in  determining  the  performance  of  a  carbureter 
as  distinct  from  the  performance  of  the  engine  to  which  it  is  attached. 

Results  of  400  economy  tests  on  a  single  engine  served  by  six  different  car- 
bureters under  identical  conditions  of  speed  and  load  are  presented  in  graphical 
form.  By  these  it  is  shown  that  the  performance  characteristics  are  differeni 
with  the  different  carbureters  and  that  the  carbureter  characteristics  would  b« 
determined  if  those  of  the  engine  on  which  they  are  superposed  were  known. 
Approximate  engine  characteristics  are  developed  for  comparison  by  using  the 
best  performance  obtained  with  any  carbureter. 

Attention  is  called  to  the  economic  importance  of  the  carbureter,  the  desir- 
abihty  of  applying  more  scientific  methods  in  its  development,  and  the  necessity 
of  having  available  a  testing  plant,  the  constants  of  which  are  well  determined. 

DISCUSSION 

F.  S.  Kino  stated  that  in  his  work,  he  has  used  gasifiers,  as 
they  give  more  satisfactory  results  on  throttled  governed  engines, 
where  close  regulation  is  required.  The  cooling  water  from  the 
engine  water  jacket  is  circulated  round  the  air  passages  of  the 
gasifier  in  which  a  portion  of  the  air  supply  is  carburetted  by 
the  gasolene. 

This  richly  carburetted  air  is  then  mixed  with  diluting  air  in 
the  proportion  required  for  proper  combustion.  This  method 
gives  satisfactory  results,  even  with  low-grade  oils,,  good  results 
being  obtained  with  oils  as  low  as  50  deg.  in  engines  with  cylin- 
ders 11  in.  bore  or  below.  On  larger  cylinders,  liquid  fuels  do 
not  give  as  satisfactory  results,  especially  in  the  lower  grades, 
when  used  in  connection  with  carbureters. 

Mr.  King  emphasized  the  dependence  of  the  carbureter  ac- 
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tidii  oil  that  of  the  dovico  to  which  it  is;  attached,  and  found 
it  particularly  so  M'hen  used  with  jump-spark  ignition:  the  com- 
pressions vary  with  the  load,  and  carburetors  are  blamed  for  the 
erratic  action  of  varying  load  conditions  which  atfect  the  jump- 
spai'lv  more  than  the  carbureter.  Mr.  King  also  wished  to 
know  if  anyone  knew,  or  had  any  information  as  to  whether 
the  quality  of  gas  in  the  California  natural  gas  field  was  uniform 
from  day  to  day.  He  had  heard  of  cases  where  engines  operated 
in  a  most  satisfactory  manner  for  long  spaces  of  time,  and  with- 
out any  change  in  adjustment  of  mixtures,  or  change  in  the 
quality  of  lubricating  oil  or  the  amount  of  oil  used,  an  accumu- 
lation would  take  place  in  the  cylinders,  without  any  apparent 
reason.     The  ignition  system  was  in  first  class  condition. 

F.  H.  VosE  called  attention  to  the  fact  that  there  are  other 
difficulties  besides  those  mentioned  by  Mr.  Munro  which  should 
be  kept  in  mind  during  the  execution  and  analvsis  of  carbureter 
tests.  Thus  the  gasolene  is  an  exceedingly  complex  fuel,  and 
moreover  the  commercial  product  is  somewhat  variable  to  say 
the  least,  even  when  purchased  through  the  same  sources.  Vari- 
ations may  therefore  be  due  to  different  fuel  characteristics,  even 
though  the  specific  gravity  for  all  samples  used  be  nearly  identi- 
cal. Further  it  seems  somewhat  doubtful  if  each  carbureter  under 
test  receives  the  proper  treatment  when  the  operator  depends 
entirely  upon  his  general  observation  of  the  performance  of  the 
engine  to  achieve  the  best  results.  In  determining  the  engine 
characteristics  the  manograph  would  prove  of  great  value.  It 
would  show  the  behavior  of  the  explosive  mixtures  in  the  engine 
cylinder,  and  also  check  ofl'  the  behavior  of  one  cylinder  against 
the  others:  with  certain  carbureter  adjustments  the  explosicns, 
or  "  near  explosions,"  will  be  found  to  vary  widely  in  character, 
while  other  adjustments  will  give  uniform  results.  The  mano- 
graph is  not  advocated  here  as  a  means  of  determining  the  horse- 
power of  automobile  engines,  but  as  an  excellent  assistant  in 
studying  the  engine  operation. 

From  certain  observations  in  carbureter  adjustments  for  r;:ad 
service  it  seems  evident  that  adjustments  made  for  maximum 
power  while  the  engine  is  on  the  testing  frame,  or  with  dyna- 
mometers attached  to  the  rear  axle,  do  not  give  the  best  results  on 
the  road;  particularly  is  this  true  in  hill  climbing  tests.    The  dif- 
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ierence  noted  in  this  characteristic  may  indicate  a  slight  differ- 
ence in  other  characteristics  between  the  dynamometer  tests  and 
road  service.  In  this  connection  the  effect  of  atmospheric  condi- 
tions upon  carbureter  action  should  not  be  lost  sight  of.  The  rel- 
ative humidity  of  the  air  certainly  has  a  marked  effect  upon  the 
action  of  some  carbureters. 

The  inlet  manifold  from  the  carbureter  to  the  cylinders  has 
an  appreciable  influence  upon  carbureter  action,  particularly  on 
the  behavior  of  the  mixture  in  the  different  cylinders. 

Geo.  a,  Orkok  pointed  out  that  in  most  or  all  of  the  carbu- 
i-eters  Mr.  Munro  tested  the  automatic  devices  for  sui)plying  the 
excess  air  are  of  an  early  type,  and  most  of  the  later  ones  have 
better  arrangements  for  handling  that.  For  a  carbureter  that 
must  work  under  a  variety  of  conditions,  the  auxiliary  valve  for 
the  air  is  very  important.  In  running  motorboats  humidities 
all  the  way  down  from  100  per  cent  to  pretty  dry  air  are  ob- 
tained, and  conditions  have  to  be  adjusted  to  suit  the  air  to  get 
fall  power  out  of  the  boat. 

The  Author.  The  author  agrees  with  Professor  A'ose  that  a 
manograph,  had  one  been  available,  would  have  been  of  mate- 
rial assistance  in  the  Avork.  As  it  was,  the  carbureter  adjust- 
ments were  made  with  the  aid  of  an  indicating  tachometer  and 
the  prony  brake,  the  aim  being  to  carry  the  maximum  load  pos- 
sible at  1200  r.p.m.,  and  in  case  a  variation  of  fuel  consumption 
was  possible  under  this  condition,  to  adjust  for  best  economy. 
This  was  the  adjustment  throughout  the  tests  on  this  carbureter. 

The  carbureters  used  were  all  of  widelj^  advertised  makes,  fur- 
nished new  by  the  makers  especially  for  these  tests.  The  same 
inlet  manifold  and  ignition  system  were  used  throughout  the 
work,  eliminating  these  elements  as  variables  so  far  as  possible. 
As  the  work  extended  over  a  period  of  several  weeks,  there  were 
of  course  atmospheric  changes  entirely  beyond  control. 

The  author  regrets  that  the  discussion  did  not  touch  on  what 
he  regards  as  the  principal  point  of  the  paper,  namely,  that  a 
carbureter,  an  important  machine  in  power  production,  has  essen- 
tial characteristics  which  may  be  determined  and  plotted,  and 
whether  it  is  worth  while  to  establish  the  proper  facilities  for 
making  comprehensive  carbureter  tests. 


NEW   PROCESSES   FOR   CHILLING   AND 
HARDENING    CAST   IRON 

By  Thomas  D.   West,  Tiiblished  in  The  Journal  kor  June 
ABSTRACT  OF  PAPER 

This  paper  outlines  a  series  of  experiments  to  determine  the  effect  of  different 
methods  of  treatment  in  chilhng  or  hardening  cast  iron  dm-ing  the  process  of 
cooUng  after  pom-ing  the  mold. 

The  first  experiments  showing  how  to  produce  mechanically  mottled  and  white 
iron  inside  a  gray  body  led  to  experiments  with  chillers  used  in  different  ways; 
and  with  various  other  heat-absorbing  or  hardening  media,  such  as  air,  charcoal, 
powdered  manganese,  cyanide,  etc.  A  study  was  made  of  the  effectiveness  of 
chillers  of  different  thicknesses  and  of  different  metals;  of  the  effect  of  cooling 
chillers,  etc. 

The  experiments  indicate,  among  other  results,  that  the  accepted  idea  of  chill- 
ing occurring  entirely  while  the  molten  metal  is  sohdifying  is  wrong;  and  they 
show  how  stronger  grades  of  iron  can  be  used  for  car  wheels,  rolls,  etc.,  and  still 
obtain  the  desired  depths  of  chill  in  such  castings.  They  also  demonstrate  the 
superiority  of  air  cooUng  over  metal  chillers. 

DISCUSSION 

Henry  M.  Howe.^  Mr.  West  found  that,  if  after  the  outer 
part  of  a  cast-iron  casting  has  solidified  and  cooled  at  a  normal 
rate  to  somewhat  below  its  eutectic  freezing  point,  thus  becom- 
ing graphitic,  the  casting  is  suddenly  withdrawn  from  the 
mold  and  quenched  in  water  at  a  moment  when  the  interior  has 
already  solidified,  the  inside  will  be  of  white  iron.  The  fact 
that  the  inside  of  the  casting  is  white,  though  the  normal  slow 
rate  of  cooling  extended  below  the  eutectic  freezing  point, 
shows  that  it  solidified  as  white  iron.  Because  the  inside  solidi- 
fied as  white  iron,  the  outside  evidently  did  also.  The  graphiti- 
zation  of  the  outside  must  have  occurred  in  that  phase  of  the 

'  Prof,  of  Metallurgy.  Columbia  University,  New  York. 
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cooling  by  which  the  gray  outside  had  outrun  the  white  interior 
at  the  moment  when  the  quenching  occurred. 

Because  the  amount  by  which  the  cooling  of  the  outside  out- 
ran that  of  the  inside  must  have  been  very  slight,  the  writer 
infers  that  this  graphitization  occurred  in  a  very  narrow  range 
of  cooling,  and  presumal)ly  below  the  eutectic  freezing  point. 
The  reason  why  the  inside  remained  white  may  be  either  (a) 
that  it  hurried  through  the  temperature  just  below  the  eutectic 
freezing  point  too  fast  to  allow  its  cementite  to  graphitize;  or 
(b)  that  the  graphitization  was  restrained  by  the  pressure  put 
on  the  interior  by  the  rapid  cooling  and  contraction  of  the  ex- 
terior; or  (c)  both  these  causes  may  have  cooperated.  In  this 
particular  case  his  experiments  showed  that  if  the  slow  cooling 
had  not  been  thus  interrupted  the  interior  would  have  been  very 
gray. 

Thus  Mr.  West  confirmed  in  a  very  simple  and  effective  way 
the  evidence  of  Heyn  and  Bauer  that  graphitization  chiefly 
occurs  immediately  below  the  eutectic  freezing  point. 

The  usual  occurrence  of  white  cores  inside  of  gray  iron  pigs 
so  often  reported  is  probably  due  to  pressure.  If  the  outside  of 
the  casting  becomes  firm  and  rigid,  the  separation  of  graphite 
inside  it  immediately  sets  up  pressure,  because  the  graphite  is 
so  bulky,  and  the  existence  of  this  pressure  tends  to  prevent  the 
further  formation  of  graphite  in  the  parts  further  in.  In  most 
cases  this  tendency  is  resisted  by  the  slower  cooling  of  the  in- 
terior than  of  the  exterior,  slow  cooling  in  itself  prolonging  the 
opportunity  for  the  graphitization  of  the  cementite. 

Thus  there  is  a  struggle  between  slower  cooling  in  the  interior 
which  tends  to  bring  the  carbon  to  the  state  of  graphite,  and 
pressure  in  the  interior  which  tends  to  prevent  it  from  assuming 
the  form  of  graphite.  In  the  majority  of  cases  the  slower  cool- 
ing has  the  mastery,  and  the  interior  of  the  casting  is  as  graph- 
itic as  the  outside,  but  in  certain  cases  the  effect  of  pressure  has 
the  mastery  and  restrains  the  formation  of  graphite  in  the  in- 
terior of  the  casting.  It  may  often  happen  that  the  throwing  of 
a  stream  of  water  on  the  pigs  after  their  outside  has  turned  gray, 
but  before  the  inside  has,  or  their  removal  from  the  sand  in  cold 
weather  at  this  point  in  their  cooling,  may,  as  in  Mr.  West's  ex- 
periment, lead  to  an  internal  chill. 
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p.  MuNNOCH.^  It  is  interesting  to  find  tliat  the  phenouienon 
of  internal  chill  which  has  puzzled  the  foundry  for  so  many 
years  has  been  explained  by  Mr.  AVest  and  found  to  be  capable 
of  reproduction.  Although  the  internally  chilled  castings  one 
sometimes  meets  in  the  foundry  have  not  been  produced  by 
quenching  in  water,  there  is  no  doubt  but  that  they  are  due  to 
some  rapid  cooling  effect  just  at  the  period  when  the  metal  in 
the  center  is  susceptible  to  rapid  cooling. 

In  reference  to  external  chilling,  the  experiments  of  Mr.  West 
have  demonstrated  that  the  chill  structure  is  produced  after  the 
n.'etal  has  solidified.  This  corroborates  the  work  of  E.  A.  Cus- 
ter Avith  castings  made  in  chill  molds  wdiich  show  no  signs  of 
chilled  structure  provided  the  castings  are  removed  from  the 
molds  immediately  after  casting. 

The  placing  of  a  chill  in  a  mold  no  doubt  has  a  great  effect  at 
the  beginning  of  the  chilling  period,  but  as  the  temperature  of 
the  face  of  the  chill  block  becomes  heated  the  chilling  effect  is 
reduced  considerably  before  the  end  of  the  chilling  period, 
whereas  the  effect  of  air  chilling  Avill  continue  equally  efficient 
during  the  whole  of  the  chilling  period.  This  no  doubt  accounts 
for  the  better  results  obtained  with  air  cooling  by  Mr.  West. 

Paul  Kreuzpointner.-  Summing  up  the  deductions  to  be 
drawn  from  the  detailed  results  of  the  paper,  there  are  several 
methods  whereby  we  can  obtain  a  chilled  surface  in  cast  iron, 
the  def)th  of  the  chill  depending  upon  three  factors:  (a)  conduc- 
tivity of  the  chilling  medium,  (b)  continuity  of  contact  of  the 
chilling  medium,  and  (c)  quickness  of  action  of  the  chilling  me- 
dium, always  provided  the  chemical  composition  is  favorable  to 
obtaining  good  results. 

When  chilling  cast  iron  it  is  aimed  to  prevent  the  changing 
of  the  combined  carbon  into  graphitic  carbon.  The  interval  of 
time  when  this  change  from  combined  carbon  to  graphitic  car- 
bon takes  place  being  limited,  the  success  of  obtaining  a  satis- 
factorily chilled  casting  depends  on  the  united  efficiency  of  the 
above  three  factors;  hence  the  importance  of  having  the  proper 
chilling  medium. 

If  the  conductivity  of  the  chilling  medium  is  poor,  continuity 

1  American  Shoe  &  Foundry  Co.,  Mahwah,  N.  J. 

2  Secy.  American  Foundrymen's  Association,  Altoona,  Pa. 
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of  contact  and  quickness  of  action  will  not  help  much.  The  best 
conductive  media  will  give  inferior  results  if  the  contact  is 
broken  too  soon  or  if  it  is  applied  too  slowly.  Of  course  through 
intensity  of  application  of  one  of  these  three  factors  we  may  be 
able  to  modify,  lo  a  certain  extent,  the  unfavorable  influences  in 
weakness  of  the  other  two  factors,  but  then  we  enter  the  realm 
of  chance  and  haphazard  work. 

Since  the  conductivity  of  a  chilling  medium  is  dependent 
upon  its  ability  to  carry  away  from  the  casting  a  maximmn 
amount  of  heat  in  the  shortest  possible  time  it  is  obvious  that 
if  the  chilling  medium  is  a  metallic  substance,  that  metal  ought 
to  be  as  dense  as  possible  in  structure,  because  in  such  a  metal 
there  exists  the  closest  contact  between  the  particles,  which  in 
turn  permits  the  heat  to  travel  quickly  through  the  mass  of  the 
particles  or  crystals.  Therefore  wrought  iron  would  seem  to  be 
the  least  adapted  to  act  as  a  chilling  medium  because  of  the 
presence  of  the  cinder  which  acts  as  an  obstruction  to  the  rapid 
traveling  of  the  heat  from  one  particle  to  another.  Theoreti- 
cally tool  steel  would  seem  to  be  the  best  chilling  medium  of  the 
metal  class  because  of  its  freedom  from  interposing  films  of  slag 
or  gi'aphite  between  the  crj^stals,  hence  maximum  conductivity. 
However,  in  every-day  practice  this  is  out  of  the  question  and  it 
is  only  mentioned  in  connection  with  the  question  of  conduc- 
tivity of  chilling  media.  Thus  for  every-day  practical  opera- 
tions we  have  to  fall  back  upon  cast  iron  or  a  suitable  stream  of 
cold  air,  where  this  is  feasible.  In  the  end  it  is  always  the  prob- 
lem to  convey  the  heat  away  from  the  casting  quickly  enough  to 
prevent  change  of  carbon  from  one  state  to  the  other  in  order  to 
obtain  a  desired  depth  of  chill. 

James  A.  Beckett.^  The  immersion  test  referred  to  in  Pars. 
63  and  64,  indicating  the  practicability  of  continuing  chilling 
after  the  metal  solidifies,  brings  out  a  new  idea  in  connection 
with  this  subject  and  opens  a  new  field  for  investigation. 

Long  experience  has  demonstrated  that  for  surface  chilling 
nothing  better  has  been  found,  cost  and  wearing  qualities  consid- 
ered, than  the  cast-iron  chiller,  which  is  also  a  fairly  good  ab- 
sorber of  heat,  and  holds  its  shape  well. 

Surface  chilling  is  almost  entirely  a  matter  of  heat  transfer- 
ence, but  the  efficiency  of  any  chilling  medium  may  be  increased 

1  Hoosick  Falls,  N.  Y. 
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by  (he  selection  of  a  mixture  of  irons  which  have  the  tendency 
to  a  greater  increase  of  ('onii)inerl  carbon  upon  renielting:  than  is 
found  in  ordinary  foundry  irons.  Irons  of  n  ^iven  analysis 
made  from  certain  eastern  ores  ha\c  this  tendency  to  a  greater 
degree  than  most  southern  irons  of  the  same  analysis. 

The  experiment  shown  in  Par.  29  to  determine  the  effect  of 
warm  chillers  is  in  accord  with  the  results  of  practical  experi- 
ence of  long  standing.  For  many  years,  plow  castings  have  been 
made  by  using  the  chiller  for  the  cope  of  the  mold,  in  the  upper 
surface  of  which  was  formed  a  receptacle,  and  into  this  warm  or 
hot  water  was  poured  just  before  the  iron  was  poured  into  the 
mold.  The  etfect  of  the  heat  was  to  reduce  the  depth  of  chill  in 
the  casting,  and  by  securing  uniformity  in  the  temperature  of 
the  chiller,  to  produce  a  uniform  density  of  grain  in  the  frac- 
ture without  materially  decreasing  the  strength  of  the  casting. 
In  this  way,  castings  were  produced  with  a  close  grain  and  sus- 
ceptible of  a  very  high  polish. 

Surface  chilling  results  from  the  instant  withdrawal  of  heat 
from  the  surface  of  molten  iron,  arid  is  only  in  a  limited  degree 
proportionate  to  the  thickness  of  the  chiller  used,  as  shown  in 
Par.  31.  This  is  true  because  the  body  of  the  chiller,  however 
thick,  will  not  transfer  the  heat  absorbed  by  the  face  of  the 
chiller  as  rapidly  as  it  is  absorbed,  hence  the  resort  to  water 
cooling  and  similar  devices.  The  application  of  a  jet  of  air  to 
aid  in  the  chilling  process  is  a  difficult  matter,  expensive  in  the 
long  run,  and  not  likely  to  come  into  use  except  in  special  cases. 

Par.  65  contains  a  statement  of  two  laws,  the  second  of  which 
is :  ''  Graphitization  having  once  taken  place  in  the  crust  or  body 
of  a  hot  casting,  no  sudden  cooling  can  restore  the  carbon  to  its 
original  combined  form.  And  only  by  remelting  can  it  be  so 
transformed  as  to  have  a  chilled  or  white  iron  structure."  This 
law  is  not  as  positive  in  its  action  as  Mr.  West  assumes,  except  in 
the  case  of  gray  iron.  White  iron  used  in  the  malleable  iron  in- 
dustry, when  subsequently  annealed  until  practically  all  its  car- 
bon is  in  the  graphitic  form,  may  be  restored  to  its  original 
state  in  which  practically  all  its  carbon  is  combined  by  heating 
it  to  a  cherrv  red  and  qucnchiug  it  in  cold  water. 

Carl  Herixg.^  This  paper  is  a  good  illustration  of  the  im- 
portance of  studying  more  carefully  the  phenomenon  of  the  flow 

'  Cons.  Elec.  Engr.,  929  Chestnut  St.,  Philadelphia,  Pa. 
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of  heat  through  bodies  and  to  other  bodies.  Like  an  electric 
current,  a  flow  of  heat  encounters  a  resistance  which  opposes 
oi-  checks  it  more  or  less,  hence  when  the  flow  should  be  rapid, 
as  in  the  chilling  of  a  casting,  this  resistance  to  its  flow  should 
be  kept  as  small  as  ^ssible.  The  thermal  resistance  of  the  cast 
metal  itself  is  a  physical  property  of  the  material  and  is  there- 
fore beyond  control,  but  the  resistance  between  it  and  the  chill- 
ing material  can  be  controlled,  and  it  is  this  resistance  which  is 
probably  so  much  greater  than  all  the  others  that  it  virtually 
governs  the  flow  of  the  heat. 

The  thermal  resistance  of  a  joint  between  two  solid  bodies, 
that  is,  at  the  surface  of  a  mechanical  (not  soldered)  contact 
seems  to  be  relatively  very  high.  This  was  shown  in  the  case  of 
fire  brick  in  the  experiment  quoted  by  the  author  in  Par.  45  and 
Fig.  15  from  an  article  of  the  writer's.  But  with  metals  this 
resistance  seems  to  be  relatively  far  greater,  as  is  shown  by 
the  fact  that  an  iron  bar  with  a  transverse  crack  part  way 
through  it  near  its  end  will,  when  that  end  is  heated  to  redness, 
become  red  up  to  the  crack,  while  it  is  still  black  on  the  other 
side.  This  shows  that  the  heat  in  flowing  to  the  cold  end  meets 
with  a  vcr}^  high  thermal  resistance  at  the  crack,  even  though  it 
may  be  only  an  exceedingly  thin  one. 

In  chilling  a  casting  like  a  car  wheel  with  an  iron  chiller  the 
heat  must  traverse  the  surface  of  contact  and  as  the  cast  metal 
shrinks  and  the  chiller  expands,  an  actual  separation  must  oc- 
cur, and  the  very  high  thermal  resistance  introduced  thereby  will 
no  doubt  govern  the  flow  of  heat  and  reduce  it  greatly.  This  is 
shown  by  Mr.  West's  experiments  in  which  he  obtained  a  better 
flow  of  heat  when  he  applied  a  pressure  between  the  metal 
chiller  and  the  shrinking  casting.  It  is  evident,  however,  that 
such  a  pressure  contact  cannot  possibly  be  made  between  two 
cylindrical  surfaces,  as  in  casting  car  wheels. 

Another  and  sometimes  extremely  high  thermal  resistance 
exists  between  a  metal  and  gas.^  A  thin  layer  of  very  high  re- 
sistance seems  to  be  produced  on  the  immediate  surface.  This 
is  what  limits  the  rate  of  the  flow  of  heat  from  the  flames  to  the 
water  tubes  of  a  steam  boiler.  A  postage  stamp  pasted  on  the 
outside  of  a  tin  cup  in  which  water  is  boiled  over  a  flame  will 
not  char,  showing  an  enormous  drop  of  temperature  through  a 

^  Flow  of  Heat  Through  Contact  Surfaces,  Met.  &  Chem.  Engrg.,  January, 
1912,  p.  40. 
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layer  of  only  a  few  thousandths  of  an  inch  in  thickness,  which 
is  merely  another  way  of  stating  that  this  layer  has  an  extremely 
high  thermal  resistance. 

This  high  surface  resistance  can  be  destroyed  mechanically  by 
carrying  away  this  film  of  gas,  and  this  is  what  Mr.  West  seems 
to  have  accomplished  by  chilling  by  means  of  a  rapid  flow  of  air 
in  immediate  contact  with  the  metal.  His  results  seem  to  con- 
firm this  theory,  or  if  the  theory  is  acknowledged  to  be  correct, 
his  method  of  air  chilling  is  a  rational  one,  since  it  enables  him 
to  destroy  this  high  contact  resistance,  which  it  would  be  diffi- 
cult to  do  in  practice  between  two  metallic  surfaces,  and  appar- 
ently would  be  quite  impossible  when  the  surfaces  are  cylindrical 
as  in  the  case  of  car  wheels. 

Another  advantage  in  cooling  with  rapidly  flowing  air  is  that 
it  affords  a  possibility  of  controlling  the  flow  of  heat  from  the 
casting,  heuce  also  the  depth  of  chill  and  its  uniformity  in  suc- 
cessive castings.  This  would  not  be  easy  with  metal  chillers. 
Moreover  iron  chillers  are  likely  to  be  in  actual,  good,  com- 
pressed contact  at  only  a  few  points,  and  as  the  thermal  resist- 
ance at  those  points  would  be  considerably  lower  than  at  the 
rest  of  the  surface  it  is  likely  that  the  chilling  would  be  greater 
at  those  points,  hence  not  uniform. 

A.  S.  DowLER  ^  said  in  a  communication  that  in  his  many 
years'  experience  in  the  wheel  business  he  had  read  many  articles 
on  processes  of  chilling  and  controlling  the  chill,  but  none  which 
mastered  the  subject  so  completely  as  this  paper.  A  method 
which  can  increase  the  depth  of  chilling  after  a  crust  has  com- 
menced to  expand  away  from  the  chiller  should  permit  the  use 
of  softer  and  often  stronger  grades  of  iron  than  are  ordinarily 
permissible  in  the  manufacture  of  car  wheels.  Present  methods 
demand  a  high-chilling  iron  in  order  to  obtain  the  desired  depth 
of  chill,  which,  as  a  rule,  is  an  iron  likely  to  give  trouble  be- 
cause of  its  bordering  too  closely  on  a  chilled  or  white  structure. 

Albert  Sauveur.-  Mr.  West's  statement  to  the  effect  that  the 
chilling  of  cast  iron  does  not  occur  entirely  while  the  molten  iron 
is  solidifying  is  undoubtedly  true,  but  the  writer  thinks  that  the 
opposite  view  is  not  the  accepted  idea.  That  chilling  may  con- 
tinue after  solidification  is  not  only  consistent  with  what  we  now 

^  St.  Louis  Car  Wheel  Company,  St.  Louis,  Mo. 
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iinderstaiid  to  be  the  niechnnisin  of  that  pheuoineiion  hut  is  de- 
iiiaiidcd  l)y  it.  By  the'  cliilliiig-  of  cast  iron  is  meant  the  reten- 
tion of  its'carbon  in  the  comhinod  condition,  that  is,  as  the  iron- 
carbide  Fe^C  or  cenientitc.  This  carbide  must  be  prevented  from 
dissociating,  that  is,  from  breaking  up  into  iron  and  graphite 
(FeyC  =  3  Fe  -|-  C),  or,  in  other  words,  its  "  graphitizing  " 
must  not  be  permitted.  Cementite,  however,  represents  an  un- 
stable condition  of  carbon  while  graphite  is  the  stable  form  of 
that  element.  The  tendency  on  the  part  of  cementite  to  dissoci- 
ate is  the  greater  the  higher  the  temperature.  It  is,  therefore, 
maximum  during  solidification  immediately  after  its  formation, 
but  it  does  not  by  any  means  cease  once  the  cast  iron  has  become 
solid.  Indeed  it  is  well  known  that  cementite  may  be  readily 
liecomposed  at  a  temperature  as  low  as  800  deg.  cent.,  that  is, 
some  350  deg.  lower  than  the  solidification  point  of  cast  iron. 
To  illustrate,  cast  iron  may  easily  be  concei\ed  to  solidify  so 
quickly  that  its  carbon  is  retained  entirely  in  the  combined  con- 
dition, but  to  cool  so  slowly  afterwards  that  most,  if  not  all,  the 
carbon  passes  to  the  graphitic  condition.  Clearly  the  chilling 
due  to  rapid  solidification  was  entirely  obliterated  by  subsequent 
slow  cooling.  That  the  chilling,  therefore,  may  continue  long 
after  solidification  is  indeed  to  be  expected. 

Bradley  Stoughton.  Mr.  West  has  again  put  the  foundry 
industry  under  obligation  for  his  elucidation  of  the  operation 
of  the  chilling  of  cast  iron.  It  may  ctmfidently  be  expected  that 
his  investigations  will  result  in  improving  the  quality  of  chilled 
car  wheels,  cast-iron  rolls,  plows  and  other  objects  made  of 
chilled  cast  iron. 

In  two  respects  the  writer  must  differ  with  the  author  of  the 
paper:  first,  with  regard  to  his  statement  in  Par.  65,  "  Graphiti- 
zation  having  once  taken  place  in  the  crust  or  body  of  a  hot 
casting,  no  sudden  cooling  can  restore  the  carbon  to  its  original 
combined  form,  and  only  by  remelting  can  it  be  so  transformed 
as  to  have  a  chilled  or  white  iron  structure."  While  this  state- 
ment is  no  doubt  correct  under  the  conditions  of  his  experiments, 
and  in  the  sense  in  which  he  probably  intended  it,  it  cannot 
properly  stand  in  the  terms  used  in  his  paper,  in  view  of  the 
positive  results  of  G.  B.  Upton^  to  the  contrary,  and,  in  a  minor 
degree,  in  view  of  the  well-known  whitening  of  some  gray  and 

1  Thp  Journal  of  Physif-nl  Clit'inistry.  October  3908.  vol.  12. 
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annealed  cast  irons  Avlien  (hey  aiv  relieated  to  temperatures  far 
below  their  ineltinir  point  niul  ])lnn<re<]  into  water.  That  is  to 
say,  reheatinjGT  and  plun^ine  into  water  may  accomplish  what 
mere  plunging  into  water  fi-om  a  high  temperature  during  cool- 
ing after  solidification  will  not  accomplish,  and  what  Mr.  West 
says  can  be  accomplished  only  by  remelting. 

The  Avriter's  second  ditference  relates  to  the  author's  statement 
that  it  is  an  accepted  idea  that  chilling  occurs  entirely  while  the 
molten  metal  is  solidifying.  It  may  be  an  accepted  idea  among 
t'oundrvmen  who  are  not  familiar  with  experiments  of  others  in 
this  field,  but  it  has  been  knoAvn  and  published  by  more  than  one 
observer  that  chilling  may  be  eH'ected  by  rapid  cooling  subse- 
(]uent  to  solidification.  This  correction  does  not  in  any  way 
disparage  the  value  of  Mr.  West's  work;  on  the  contrary,  the 
accin-acy  of  his  experiments  is  further  confirmed  by  the  fact 
that  they  have  corroborated  the  work  of  others  without  any  pre- 
vious prejudice  in  that  direction  on  the  part  of  the  investigator. 

J.  E.  Johnson,  Jr.,  said  that  at  the  Ashland  plant  of  the  Lake 
Superior  Iron  &  Chemical  Co.,  of  which  he  was  manager,  they 
had  been  conducting  a  research  for  a  year  and  a  half  past  on 
the  general  sul)ject  of  the  quality  of  the  iron,  and  particularly 
on  the  subject  of  iron  with  an  internal  chill.  In  charcoal  iron 
and  also  in  coke  iron  they  sometimes  found  a  spot  the  size  of  a 
nickel,  chilled  perfectly  white,  in  the  center  of  a  pig  which  was 
perfectly  gray  on  the  outside.  They  do  not  know  the  cause, 
but  believe  it  to  be  the  result  of  segregation.  Analysis  showed 
1/2  per  cent  more  carbon  in  the  gray  exterior  than  in  the  chilled 
center,  but  this  result  has  not  been  confirmed  in  all  cases.  The 
current  explanation  among  scientific  people  that  the  central  por- 
tion is  prevented  from  expanding  (which  must  occur  when  the 
graphite  is  evolved),  by  previous  solidification  of  the  crust 
around  it,  is  not  valid  as  they  see  it,  because  all  irons  are  cooled 
under  these  conditions,  and  if  one  shows  an  internal  chill  all 
should. 

They  have  found  that  these  irons  are  embraced  in  Avhat  are 
known  as  high  cleavage  irons,  which  means  in  plain  English, 
rotten  irons  of  very  low  strength.  This  character  follows  the 
iron  throughout,  and  in  a  remelt  will  show  up  about  the  same 
as  in  the  original  iron.  Even  two  or  three  remeltings  will  not 
alter  the  character  of  the  iron  unless  something  radical  is  done 
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to  change  its  nature.  It  will  still  be  spotted  iron.  As  a  result, 
his  company  never  ship  this  iron  to  anj^  user  who  does  not  alter 
the  fundamental  character  of  the  iron  before  putting  it  into 
service. 

Their  researches  iKne  reached  the  place  where  they  are  cer- 
tain there  is  virtually  no  relation  between  the  fundamental  qual- 
ity of  the  iron  and  its  composition  as  determined  by  analysis. 
There  is  a  certain  relation  between  the  percentage  of  silicon  and 
its  chilling  quality,  but  beyond  that,  with  regard  to  its  funda- 
mental characteristics,  such  as  strength,  hardness,  endurance, 
etc.,  an  analysis  for  all  the  ordinary  elements,  including  carbon, 
gives  no  reliable  indication.  Physical  tests,  the  fracture  of  the 
iron,  the  surface  of  the  pig,  its  grain  and  other  points  must  all 
be  considered  at  least  as  much  as  chemical  analysis.  Even  the 
microscope  does  not  give  results  that  can  be  depended  upon  abso- 
lutely. Plis  company  has  been  making  microscopic  examinaticms 
of  the  various  irons  that  they  could  obtain  for  over  a  year,  and 
no  relation  between  the  microstructure  and  the  physical  qualities 
has  been  discovered  that  they  could  tie  to. 

To  illustrate  the  utter  unreliability  of  chemical  analysis,  Mr. 
Johnson  quoted  the  records  of  two  cases  which  were  practically 
identical  in  all  elements,  including  carbon.  With  every  cast  are 
poured  114-in.  round  test  bars.  The  bars  from  one  of  these  casts 
broke  at  an  average  of  2725  lb,  and  those  from  the  other  at  4950 
lb.,  or  nearly  double  as  much. 

The  chilled  car  wheel  is  bound  to  be  used  for  years  to  come 
and  the  subject  of  chilling  irons  is  of  enormous  importance. 
Probably  95  per  cent  of  all  the  freight  traffic  of  the  country  is 
carried  on  on  chilled  cast  iron  car  wheels.  The  steel  wheel  has 
not,  b}'  any  means,  fulfilled  the  promise  of  its  advent.  The  prob- 
lem is  to  make  the  chilled  cast  iron  car  Avheel  good,  and  the 
writer  believed  that  could  be  dcme  by  the  use  of  charcoal  iron 
and  b}^  that  only.  He  had  definite  and  positive  knowledge  of 
one  foundry,  operated  by  a  railroad,  under  the  care  of  a  man 
who  knows  his  business,  where  they  make  wheels  for  their  own 
use  exclusively.  Instead  of  buying  junk  and  treating  it  with 
ferro-manganese  and  other  medicines,  he  buys  selected  brands  of 
charcoal  iron,  all  tested  under  his  own  supervision  for  their 
strength  and  chilling  qualities.  As  a  result,  he  gets  a  life  for  his 
wheels,  in  service,  on  one  of  the  great  trunk  lines  of  the  country, 
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of  95,000  miles,  as  against  a  life  of  from  31,000  to  45,000  for  the 
ordinary  \Yheel  made  of  poorer  material. 

In  concluding",  Mr.  Johnson  read  a  letter  from  A.  M.  Thomp- 
son of  the  Thompson  Malleable  Iron  and  Adjustable  Clamp 
Company  of  Chicago  in  which  he  said  he  had  to  make  some  rolls 
which  called  for  a  chilled  iron.  lie  made  the  usual  liiixture  of 
steel  and  ordinary  iron,  and  test  bars  2  in.  by  4  in.  in  size  showed 
%  in.  chill.  Reports  from  the  machine  shop  and  rolling  mill  in- 
dicated that  the  surface  was  soft.  Sulphur  was  added  to  the 
liquid  iron  and  the  rolls  still  continued  soft.  Some  of  them  were 
taken  out  of  the  chill  as  soon  as  practicable  after  casting  and 
cooled  in  water  with  no  perceptible  difference  in  hardening.  A 
charcoal  chilling  iron  was  then  purchased  which  proved  entirely 
satisfactory.  Previous  to  that  he  had  believed  in  common  with 
many  foundrymen  that  where  the  fracture  was  white  the  carbon 
was  combined,  no  matter  what  iron  was  used,  and  the  limit  of 
hardness  had  been  reached. 

H.  M.  Lane  reported  an  incident  where  a  foundryman  was 
])ouring  stove  plate.  He  used  a  ladle  which  had  been  damp- 
ened, after  drying  it  slightly  on  the  surface  so  that  only  just 
enough  steam  would  form  to  cause  the  iron  to  boil.  He  poured 
one  plate  from  that  ladle  and  another  from  a  perfectly  dry  ladle. 
When  the  plates  were  broken  the  first  one  was  found  to  be  chilled 
on  the  inside  and  the  other  was  not.  The  steam  boiling  through 
the  iron  had  caused  some  change  either  physical  or  chemical 
which  produced  an  internal  chill,  with  3^  to  Jl  in.  of  good  gray 
iron  on  the  outside,  the  inside  being  hard  and  white  so  it  could 
not  be  drilled.  The  same  thing  often  occurs  when  the  bed  of  the 
cupola  has  not  been  dried  out  thoroughly.  It  causes  the  iron  to 
boil  at  the  start  and  the  first  100  or  200  lb.  will  show  internal 
white  marks. 

With  regard  to  the  addition  of  sulphur,  which  has  been  men- 
tioned, a  patent  process  has  been  introduced  into  this  country  at 
least  five  times  involving  the  use  of  sulphur  in  steel  making.  It 
comes  from  Germany  and  consists  in  adding  iron  pyrites  to  a 
malleable  charge  to  introduce  sulphur  into  the  iron.  Two-inch 
and  two  and  one-half-inch  sections  are  chilled  all  the  way 
through  and  when  they  are  treated  in  the  annealing  furnace  they 
produce  a  fair  grade  of  malleable. 
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The  Author.  Mr.  Beckett  states  that  "  The  application  of  a 
jet  of  air  to  aid  in  a  chilling  process  is  a  difficult  matter, 
which  will  prove  expensive  in  the  long  run  and  is  not  likely  to 
come  into  use  except  in  special  cases."  Time  only  can  tell 
whether  his  modification  of  "  except  in  special  cases  "  will  hold. 
The  author  has  patented  processes  whereby  varying  conditions 
can  be  met  with  by  the  use  of  suction  as  well  as  with  air  pressure. 
One  of  these  is  described  in  Par.  59  and  illustrated  in  Figs.  9  and 
10,  showing  that  with  air  treatment  simple  methods  can  be  used 
to  cool  and  deepen,  or  harden,  a  chill.  The  illustrations  of  the 
paper  and  specimens  exhibited  at  the  meeting  forcibly  demon- 
strate the  effects  of  air  treatment. 

In  commenting  on  Par.  65,  which  says  "  Graphitization  hav- 
ing once  taken  place  in  the  crust  or  hot  body  of  a  casting,  no 
sudden  cooling  can  restore  the  carbon  to  its  original  form,  and 
only  by  remelting  can  it  be  so  transformed  as  to  have  a  chill  or 
white  iron  structure,"  Mr.  Beckett  gives  valuable  information 
but  little  known.  However,  it  is  to  be  understood  that  the  author 
had  in  mind  the  possibility  of  changing  the  state  of  the  carbon 
at  the  time  of  making  a  casting.  This  also  applies  to  one  of  the 
points  raised  by  Professor  Stoughton. 

Mr.  Munnoch's  discussion  states  that  the  author's  work  in  dem- 
onstrating that  the  chill  structure  is  produced  after  the  metal 
has  solidified  corroborates  the  work  of  E.  A.  Custer.  The  paper 
states  that  the  chilling  of  iron  must  be  accomplished  prior  to  the 
formation  of  graphite,  and  that  it  has  always  been  thought  that 
in  chilling  iron  the  action  ceases  the  moment  the  metal  has  solidi- 
fied. This  does  not  imply  that  an  iron  is  not  chilled  until  after 
the  metal  has  solidified.  The  point  desired  to  be  emphasized 
is  that  chilling  can  be  continued  up  to  a  period  of  20  or  80  sec- 
onds after  the  moment  of  solidification,  and  Mr.  Munnoch  has 
evidently  misunderstood  the  meaning.  The  writer  believes  that 
Mr.  Custer's  hypothesis,  while  having  some  relation  to  the  above 
question,  is  not  strictly  within  the  lines  of  research  covered  by 
the  paper  in  question. 


TESTS  OF  CHILLABLE  IRONS 

By  Thos.  D.  West,  Published  in  The  Journal  for  June 
ABSTRACT  OF  PAPER 

The  tests  given  in  this  paper  relate  to  the  relative  strength  of  gray  iron  and 
of  partly  or  wholly  chilled  iron,  showing  the  best  combination  in  chilled  castings. 
Many  tests  are  presented  of  chillable  iron  alloyed  with  vanadium  and  titanium. 

Previous  to  these  tests  experiments  were  made  for  the  purpose  of  estabhshing 
a  size  of  round  bars  suitable  for  making  tests  of  chillable  irons  where  it  is  neces- 
sary to  have  the  bars  either  of  a  uniform  gray  structure  throughout  or  capable 
of  being  chilled  throughout,  the  metal  in  each  case  being  poured  from  the  same 
ladle. 

The  effect  is  shown  on  the  results  of  tests  of  different  methods  of  locating  the 
bar  in  testing  with  regard  to  the  quahty  or  grain  of  the  metal.  Attention  is  called 
to  the  advisabihty  of  drop  tests  for  cast  iron  and  to  the  complexity  and  sensitive- 
ness of  chillable  iron  mixtures,  requiring  delicacy  in  mixing,  melting,  casting 
and  testing. 

DISCUSSION 

A.  E.  OuTERBRiDGE,  Jr.^  In  making  comparative  tests  with 
powdered  alloys  in  ladles  of  molten  iron  the  writer  always  uses  a 
cast-iron  stirring  rod,  as  he  has  found  that  a  very  appreciable 
increase  in  strength  is  imparted  to  cast  iron  by  using  a  wrought- 
iron  rod.  He  also  has  two  sets  of  test  molds,  including  long,  thin 
fluidity  strips  10  in.  long  by  i^  in,  thick  tapering  to  a  feather 
ed2;e,  and  uses  two  cleaned  hand  ladles,  into  which  he  pours  the 
metal  from  a  bull  ladle.  Both  the  treated  and  untreated  samples 
are  stirred  with  cast-iron  rods  and  both  poured  at  the  same  mo- 
ment, so  that  all  conditions  are  alike.  Usually  shrinkage  test 
pieces  are  poured  for  the  purpose  of  developing  any  tendency  to 
produce  "  blow  "  holes  at  the  junction  of  light  and  heavy  sec- 
tions.   These  methods  date  back  to  the  time  when  he  began  and 
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carried  on  long  continued  exj)eriments  on  the  effect  of  adding 
small  quantities  of  powdered  ferro-manganese  to  car  wheel  iron 
in  tlie  ladles,  first  published  in  the  Journal  of  The  Franklin  In- 
stitute March  1888. 

C.  B.  Murray.^  Ever  since  1908,  when  Dr.  Moldenke  read  his 
paper  on  the  tests  of  vanadium  in  cast  iron,  there  has  been  con- 
siderable discussion  as  to  how  vanadium  and  titanium  do  really 
atl'ect  such  iron. 

When  vanadium  first  made  its  appearance,  and  began  to  be 
used  in  steel,  it  was  thought,  for  a  time,  that  its  action  was  of 
the  nature  of  a  scavenger  or  a  cleaner  of  the  metal,  and  that 
the  actual  presence  of  vanadium  in  the  finished  steel  was  not 
necessarj'.  This  idea  has,  however,  been  cast  one  side,  and  now 
it  is  pretty  generally  believed  that  vanadium  acts  in  two  ways: 
first  as  a  deoxidizer,  the  resultant  vanadium  oxide  going  into  the 
slag;  second,  that  a  part  of  the  vanadium  should  be  left  in  the 
steel.  Just  how  this  acts  is  somewhat  uncertain,  but  it  seems  to 
intensify  the  action  of  carbon  and  other  metalloids  in  the  steel. 
This  same  theory  has  been  applied  to  titanium  and  seems  to  be 
still  held. 

Mr.  West  has  been  very  painstaking,  and  seems  to  have 
attained  his  object  of  securing  two  specimens  of  as  nearly  as 
possible  the  same  chemical  and  physical  characteristics.  The 
results  of  the  tests,  however,  especially  with  regard  to  the  mod- 
ulus, do  not  give  much  information. 

The  determinations  of  small  amounts  of  vanadium  and  titani- 
um are  somewhat  difficult  operations  and  require  a  great  deal  of 
care  and  attention.  The  chemical  determinations  of  these  ma- 
terials were  very  carefully  made  in  the  laboratory  of  Crowell  & 
Murray  in  Cleveland  and  the  writer  feels  assured  that  the  re- 
sults are  correct. 

The  writer  has  attempted  to  get  some  data  from  Tables  5-9, 
but  apparently  the  most  marked  effects  of  the  addition  of  these 
elements  is  in  the  chilled  round  samples.  Just  why  this  is  so 
he  is  unable  to  say,  but  it  is  hardly  a  coincidence,  since  in  all 
cases  where  the  chilled  round  samples  can  be  compared  the  iron 
containing  either  vanadimn  or  titanium,  or  both,  shows  a  marked 
increase  in  their  modulus.  Possibly  the  effect  of  all  the  carbon 
being  in  the  combined  state  and  the  fact  that  Mr.  West  has  ap- 
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parently  secured  a  more  homogenous  thoroughly  chilled  sample 
in  the  round  piece  than  in  the  square  pieces  may  have  some 
bearing  on  this  question. 

His  conclusions  in  Par.  37  would  seem  to  indicate  that  he  him- 
self is  not  thoroughly  satisfied  with  the  results  of  the  test,  and 
that  perhaps  some  conditions  regarding  the  temperature  of 
pouring,  or  the  thoroughness  of  mixing,  may  have  escaped  his 
notice,  and  that  these  unsatisfactory  results  may  have  come  from 
such  conditions. 

Henry  Souther.  The  irregularity  of  the  figures  given  by  the 
iiuthor  for  the  modulus  of  the  iron  suggests  the  possibility  of 
internal  strains  in  the  cast-iron  specimens.  The  question  arises 
as  to  whether  or  not  these  strains  were  relieved  by  partial  an- 
nealing. If  not,  it  would  seem  that  these  great  irregularities 
ma}^  be  due  to  uncertain  internal  stress. 

In  reference  to  the  effect  of  vanadium  and  titanium,  it  appears 
that  these  alloying  elements  were  added  in  the  ladle  and  that  the 
metal  cooled  somewhat  because  of  these  additions.  An  indica- 
tion of  increase  of  strength  was  obtained.  It  is  fair  to  assume 
that  the  hotter  the  metal  the  slower  it  will  cool  in  the  molds.  It 
is  a  fact  that  the  slower  the  cooling,  the  greater  the  separation 
of  graphitic  carbon  and  the  weaker  the  specimen.  After  the 
addition  of  vanadium  or  titanium  the  metal  is  cooler,  therefore 
chills  more  quickly  with  less  separation  of  graphitic  carbon  and 
has  greater  strength.  So  far  as  the  writer  has  noted,  Mr.  West 
has  not  taken  this  into  consideration.  It  is  unfortunate  that  the 
iron  with  and  without  alloying  elements  was  not  poured  at  the 
same  temperature. 

One  point  the  writer  would  like  to  see  cleared  up  is  the  ques- 
tion of  modulus.  Various  figures  for  the  modulus  appear  in 
many  of  the  tables.  They  vary  widely  one  from  the  other  and 
also  from  what  is  known  of  the  modulus  of  the  iron.  It  would 
be  an  addition  to  the  paper  could  Mr.  West  supply  the  means  of 
obtaining  these  figures;  that  is,  it  would  be  well  to  show  the 
formula  used  and  the  methods  taken  to  measure  the  modulus. 

Bradley  Stoughton.  The  writer  is  greatly  interested  in  the  ef- 
fect of  titanium  on  the  strength,  contraction  and  chilling  of  iron, 
because  Mr.  West's  results  confirm  some  hitherto  unpublished  tests 
of  his  own.    Mr.  West  finds  that  titanium  reduces  the  contraction 
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and  the  tendency  to  chill,  which  is  corroborated  by  the  writer's 
observations.  In  an  attempt  to  prevent  chilling  altogether,  he 
added  first  1.14  per  cent  of  titanium,  and  then  2.29  per  cent; 
since  the  latter  percentage  did  not  prevent  chilling  as  effectively 
as  the  former,  he  concludes  in  Par.  eSl,  "'that  iron  could  not  be 
prevented  from  chilling  beyond  a  certain  limit  by  its  use."  The 
writer's  investigations  showed  that  2  per  cent  of  the  usual  titan- 
ium alloy  was  sufficient  to  convert  even  a  dead  white  iron,  in 
bars  iy2  in.  in  diameter,  into  a  mottled  iron,  (;ooled  in  sand,  and 
that  3  per  cent,  of  the  alloy  was  more  effective  than  2  per  cent. 
In  the  quality  of  contraction,  the  writer's  observations  corrobo- 
rate those  of  Mr.  West;  namely,  that  titanium  reduces  this  prop- 
erty. As  to  the  most  important  characteristic  from  the  commer- 
cial standpoint,  strength,  Mr.  West  finds  that  titanium  increases 
the  strength  of  white  cast  iron  by  27  and  32  per  cent  respect- 
ively. The  writer's  results  show  an  increase  in  strength  all  the 
way  from  small  amounts  up  to  43  per  cent,  depending  upon  the 
grade  of  iron,  the  amount  of  titanimn  added  and  the  tempera- 
ture of  pouring.  In  this  connection  it  may  be  interesting  to  note 
that  the  writer's  investigations  cover  also  the  strength  of  gray 
cast  irons  of  a  great  variety  of  grades,  and  that  the  increase 
produced  by  adding  titanium  varies  up  to  16  per  cent. 

Paul  Kreuzpointner.^  In  determining  the  quality  of  a  ma- 
terial of  construction  for  a  given  purpose  three  factors  have  to 
be  taken  into  consideration:  (a)  The  nature  of  the  material,  {b) 
the  nature  of  the  forces  tending  to  destroy  the  structure,  and  (c) 
the  proper  relation  of  the  methods  employed  in  testing  to  the 
properties  of  the  material.  Concerning  the  nature  of  the  mate- 
rial, it  is  obvious  that  the  mechanical  means  used  in  testing  must 
conform  to  that  nature.  What  is  suitable  for  testing  cement  is 
not  suitable  for  testing  other  materials. 

It  is  not  quite  so  simple  to  determine  the  best  manner  for  test- 
ing a  material  in  accordance  with  that  in  which  it  is  subject 
to  destruction  when  in  service.  The  forces  tending  to  destroy 
a  structural  material  may  be  slow-acting  or  quick-acting;  they 
may  be  transverse,  bending,  crushing  or  tensile  forces  or  a 
combination  of  any  complicated  by  variation  of  temperatures. 
Thus,  chillable  irons  are  chiefly  used  where  they  are  subjected  to 
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crushing  and  bending  stresses;  hence  the  best  maimer  of  testing 
them  is  by  the  application  of  a  crushing,  bending  and  drop  or 
penduhim  test. 

However  much  the  qualities  of  structural  materials  of  the 
same  class  maj'  vary  in  accordance  with  the  requirements  for  a 
given  purpose,  all  metals  have  certain  properties  which  are  the 
same;  that  is  to  say  all  metals  ai-e  elastic,  ductile,  strong  in 
power  of  resistance.  Each  and  all  of  these  properties  vary  in 
degree  but  not  in  kind.  This  being  so,  it  may  be  concluded 
that  according  to  the  third  factor  in  testing  materials,  the  meth- 
ods must  have  uniformity  in  all  such  cases  where  the  degree  of 
the  property  of  a  metal  determines  its  suitability  for  a  given 
purpose.  Thus,  if  ductility  is  the  measure  of  quality  of  a  metal 
for  a  given  purpose,  it  is  by  no  means  a  matter  of  indifference 
what  size  of  test  section  is  used  nor  whether  the  same  section  is 
used  every  time  or  not. 

Erroneous  results  will  surely  be  the  result  of  testing  whenever 
there  is  a  departure  from  a  standard  uniform  test  section  or  a 
recognized  standard  width  of  support  simply  because  it  is  con- 
venient for  the  time  being  to  vary  the  method. 

As  already  said  all  metals  are  plastic  though  they  vary  in  de- 
gree of  plasticity,  and  to  this  is  due  the  fact  that  all  metals  flow 
under  pressure.  But  the  degree  of  flow  in  a  test  piece  under 
test  is  free  or  is  influenced  by  the  length  of  the  test  section 
or  the  width  of  supports  or  the  distance  of  the  grips.  Hence 
in  judging  of  the  value  of  the  results  of  a  series  of  tests,  as  in 
Mr.  West's  paper,  for  determining  the  quality  of  a  metal  for  a 
given  purpose,  it  should  be  ascertained  at  the  same  time  whether 
the  methods  employed,  speed  of  machine,  test  section,  width  of 
supports,  etc.,  represent  a  recognized  uniform  standard. 

The  Author.  Comments  have  been  made  on  the  value  of  test 
bars.  It  is  not  so  much  that  we  have  no  information  that  can 
be  compiled  to  guide  us  as  it  is  the  indifference  and  often  inabil- 
ity of  many  to  digest  what  we  have.  Many  test  bars  are  of  little 
value  for  making  comparisons  or  obtaining  the  relative  physical 
qualities  of  cast  iron  unless  properly  made.  Owing  to  the  lack 
of  proper  methods  for  this  work  the  writer  considers  the  major- 
ity of  tests  to  be  questionable. 

As  an  example,  compare  the  methods  illustrated  in  Figs.  1  and 
2  where  one  bar  provides  for  two  or  three  tests,  with  casting 
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one  bar  one  day  for  one  test  and  another  bar  for  a  second  test 
another  day.  Under  the  latter  condition  there  may  be  a  varia- 
tion in  coke,  iron  and  scrap,  method  of  charging,  blast  pressure, 
temper  of  sands,  methods  and  manner  of  holding,  temperature 
of  metals  and  speed  of  pouring,  etc.  The  writer  has  given  a 
great  deal  of  study  to  the  origination  of  methods  best  adapted 
for  securing  comparative  results  in  the  use  of  test  bars.  It  is 
shown  in  the  past  methods  advanced  for  making  test  bars  as  well 
as  in  those  for  obtaining  the  results  given  in  the  paper. 

Mr.  Souther  comments  on  the  evils  of  variation  in  pouring 
temperatures  of  metals  for  making  comparative  test  bars.  The 
writer  labored  to  govern  this  factor,  as  far  as  conditions  would 
permit.  However,  he  believes  that  what  irregularities  did  exist 
in  this  factor  was  not  so  great  as  to  affect  the  results.  This  can 
be  seen,  for  example,  in  the  diiference  of  strength  of  like  bars 
having  ferro-manganese  in  them,  and  those  without  it  as  recorded 
by  the  tests  No.  55  to  59  when  compared  with  those  Nos.  65  to  68. 

In  response  to  Mr.  Souther's  request  that  the  formula  be  given 
and  the  method  described  for  measuring  the  modulus,  the  fol- 
lowing has  been  prepared  by  A.  G.  Smith,  who  cooperated  with 
the  author,  and  is  referred  to  under  "  Credit  for  Professional 
Cooperation  "  in  the  paper : 

The  question  of  modulus  of  rupture  which  Mr.  Souther  raises 
is  quite  important.  We  agree  that  it  does  not  indicate  the  actual 
strength  of  the  iron,  and  is,  in  fact,  only  a  conventional  figure 
for  the  reduction  to  a  common  basis  of  tests  on  similar  but 
slightly  varying  bars.  For  example,  bars  nominally  two  inches 
square  may  actually  vary  from  1.95  to  2.05  in.  in  one  of  both 
dimensions.  If  no  allowance  is  made  for  this  variation,  the  re- 
sults may  be  very  misleading.  TJie  modulus  was  calculated  ac- 
cording to  the  following  very  familiar  formulae : 

3  PI 

M= for  rectangular  bars. 

2  bd^ 

and 

M  = for  round  bars. 

2  0.591)3 

Where 

M  =  modulus 

P  =  breaking  load 

Z  =  length  of  bar  in  inches  (between  supports) 
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6  =  breadth  of  bar  in  inches 
d  =  depth  of  bar  in  inches 
D  =  Diameter  of  bar  in  inches 
The  actual  measurements  of  the  bars  and  the  actual  breaking  loads 
are  given  with  each  table. 

It  is  to  be  understood  that  none  of  the  figures  refer  to  modulus 
of  elasticity ;  only  to  the  so-called  modvdus  of  rupture. 


COMMERCIAL  DICTATING  MACHINES 

At  the  meeting  of  the  Society  in  New  York,  Ma}^  14,  1912,  the 
subject  of  Commercial  Dictating  Machines  ^  was  discussed.  A. 
J.  McFaul,  of  the  Allen  Advertising  Company,  New  York,  and 
Otto  Brushaber,  of  the  Dictaphone  Company,  New  York,  treated 
the  mechanical  method  of  recording  and  reproducing  sound ;  and 
C.  K.  Fankhauser,  of  the  American  Telegraphone  Company, 
Springfield,  Mass.,  the  magnetic  method  of  recording  sound. 

Mr.  McFaul  said  that  the  dictating  machine  did  not  become  an 
article  of  commerce  until  the  latter  part  of  1888  and  the  begin- 
ning of  1889.  It  was  the  joint  invention  of  Chichester  A.  Bell,  a 
cousin  of  Alexander  Graham  Bell,  and  Charles  Sumner  Tainter, 
who  had  been  working  jointly  on  the  problem  of  recording  and 
reproducing  speech  for  a  number  of  years  prior  to  its  public 
announcement.  The  graphophone  di  tiered  from  the  phonograph, 
with  which  Edison  had  startled  the  world  some  ten  years  previ- 
ously, in  that  it  recorded  sounds  by  a  process  of  engraving  a 
continuous  spiral  groove  on  a  wax  cylinder  or  disk,  as  distin- 
guished from  indenting  the  sound  wave  on  a  sheet  of  tin  foil 
stretched  around  the  mandrel. 

The  invention  of  the  Bell  and  Tainter  graphophone  provided 
a  means  for  permanently  recording  and  indefinitely  reproduc- 
ing sounds.  The  original  machine,  as  offered  to  the  public,  had 
somewhat  the  appearance  of  a  sewing  machine,  its  power  being 
supplied  by  a  treadle  and  flywheel.  The  cylinder  on  which  the 
sound  was  recorded  consisted  of  a  paper  base  or  core  with  a  thin 
coating  of  wax  composition  on  which  the  record  was  engraved 
by  means  of  a  steel  stylus  or  engraver,  mounted  on  a  diaphragm, 
feeding  across  the  machine  while  the  cylinder  revolved  in  such 
a  manner  that  the  recording  tool  engraved  a  spiral  groove  on 
the  surface  of  the  cylinder. 

The  official  reporters  of  debates  of  the  United  States  Senate 

^  Pubjished  in  abstract  only.  Complete  report  may  be  consulted  in  the 
rooms  of  the  Society. 
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and  the  House  of  Representatives  and  practically  all  of  the  lead- 
ing court  reporters  in  Washington  were  among  the  first  to  adopt 
the  machine  into  practical  work.  Its  introduction  into  the  work 
of  reporting  debates  of  the  Senate  and  House  was  one  of  its  earli- 
est triumphs.  By  the  use  of  the  graphophone  the  official  re- 
porters were  enabled  to  cut  their  amanuenses  staff  in  half,  the 
amanuenses  were  able  to  do  twice  as  much  work  in  the  same  time, 
and  the  result  was  a  saving  in  expense  to  the  reporter  and  the 
ability  to  finish  the  day's  work  within  one  hour  or  less  after  the 
time  of  adjournment  of  the  respective  chambers. 

Improvements  were  made  from  time  to  time,  simplifying  and 
perfecting  the  mechanism  and  operating,  but  the  underlying 
principle  has  always  remained  the  same.  The  substitution  of 
electric  and  clock-work  motors,  provision  of  much  more  sensitive 
and  accurate  recording  and  reproducing  mechanism,  develop- 
ment in  the  material  and  quality  of  the  cylinder  and  simplifica- 
tion of  the  whole  mechanism  of  the  machine  gradually  followed. 

The  use  of  the  talking  machine  as  a  means  of  entertainment  so 
caught  the  public  fancy  that  the  manufacturers  of  both  the 
graphophone  and  the  phonograph  were  practically  forced  to  de- 
vote most  of  their  manufacturing  facilities  and  the  time  and  at- 
tention of  their  organizations  to  meeting  the  demand  for  what 
has  now  developed  into  musical  instruments  of  acknowledged 
supremacy. 

Towards  the  latter  part  of  1907  a  new  model  dictation  machine 
was  designed  in  the  laboratories  of  the  American  Graphophone 
Company,  and  about  the  same  time  the  Edison  Company  brought 
out  a  new  model  of  their  machine  designed  expressly  for  busi- 
ness use;  and  the  almost  simultaneous  appearance  of  these  ma- 
chines, coupled  with  the  abilitj^  of  the  manufacturers  to  give 
that  branch  of  the  business  the  attention  and  exploitation  it  de- 
serves, and  the  widespread  advertising  they  are  now  devoting  to 
the  subject,  have  given  the  dictation  machine  a  fresh  impetus. 

The  use  of  dictation  machines  as  substitutes  for  stenographers 
in  office  work  has  been  steadily  increasing  and  today  there  are 
many  thousands  of  them  in  daily  use  throughout  the  country. 
They  offer  to  the  man  whose  time  is  valuable  the  advantage  of 
being  able  to  dictate  whenever  he  pleases,  as  rapidly  as  he 
pleases,  and  with  the  certainty  that  what  he  has  dictated  can  be 
reduced  to  writing  by  any  intelligent  person. 

There  is  no  room  for  doubt  that  where  intelligent  and  fair 
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effort  has  been  applied  to  dictation  machines,  saving  of  time, 
labor  and  mone}'^  have  been  effected.  It  has  been  clearly  proved 
that  there  is  a  distinct  saving  in  time  and  an  appreciable  increase 
in  efiieiency  on  the  part  of  the  dictator  of  from  25  to  50  per  cent; 
while  the  productive  capacity  of  the  typist  mider  normal  condi- 
tions is  increased  by  50  per  cent  and  has  been  known  to  run  as 
high  as  150  per  cent. 

In  one  department  of  a  large  railroad  system  17  stenographers 
were  employed,  turning  out  an  average  of  75  letters  per  day.  The 
introduction  of  the  dictating  machine  enabled  them  to  reduce 
their  stenographic  force  to  eight  typists,  each  one  of  whom 
turned  out  an  average  of  144  letters  per  day,  an  increase  of 
nearly  100  per  cent  in  the  productive  capacity  of  the  stenogra- 
phic force  accomplished  at  a  reduction  in  payroll  of  over  50  per 
cent. 

Anotlier  user  of  dictating  machines  has  certified  that  the  cost 
of  reproducing  dictated  and  typewritten  letters  has  been  reduced 
from  51/^  cents  per  letter  by  the  stenographic  method  to  214 
cents  by  the  dictating  machine  method.  Still  another  user  esti- 
mated that  each  machine  saves  its  own  cost  in  operating  expenses 
every  60  days. 

Instances  of  this  sort  could  be  cited  indefinitely;  but  the  most 
striking  endorsement  ever  given  is  that  recently  published  by  the 
United  States  Government.  The  President's  Commission  on 
Economy  and  Efficiency  in  a  report  recently  issued,  gives  sta- 
tistics of  a  test  of  dictation  machines  as  compared  with  the  use 
of  the  shorthand  amanuenses  from  which  it  deduces  that  "  if 
the  dictation  machine  were  used  in  all  cases  where  possible  in 
the  executive  departments  in  Washington  the  saving  would  be 
more  than  $500,000  a  year." 

Mr.  Fankhauser  said  that  the  principle  upon  which  the  Teleg- 
raphone  is  based  is  that  a  mass  of  tempered  steel  may  be  im- 
pressed with  and  will  retain  magnetic  fluxes  varying  in  density 
and  in  sign  in  adjacent  portions  of  its  mass. 

The  action  of  the  wire  telegraphone  in  recording  is  as  follows : 

A  tempered  steel  wire  is  caused  to  pass  at  a  uniform  rate  of 
speed  successively  before  and  in  contact  with  the  pole  of  a  soft 
iron  electro-magnet  designated  as  the  "  erasing  "  magnet,  and 
before  and  in  contact  with  the  pole  of  another  similar  electro- 
magnet designated  the  "  recording  "  magnet. 

Through  the  winding  of  the  erasing  magnet  is  passed  an  elec- 
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trie  current  of  sufficient  strength  practically  to  saturate  the  steel 
wire  magnetically  and  a  portion  of  this  current  is  caused  to  pass 
throuo-h  the  winding  of  the  recording  magnet  in  a  direction  to 
give  the  magnet  a  tendency  to  reverse  the  direction  of  the  mag- 
netic flux  in  the  steel  wire  in  order  to  bring  the  wire  into  a  mag- 
netically neutral  condition. 

The  winding  of  the  recording  magnet  is  also  included  in  the 
circuit  of  the  secondary  winding  of  an  induction  coil,  the  pri- 
mary winding  of  which  is  in  circuit  with  a  battery  and  telephone 
transmitter. 

Sound  waves  as  from  spoken  words,  etc.,  impinging  upon  the 
transmitter  diaphragm  and  through  its  vibration  setting  up  cor- 
respondent current  waves  in  the  circuit  of  the  secondary  wind- 
ing of  the  induction  coil  and  recording  magnet  will  cause  vary- 
ing fluxes  to  traverse  the  magnetic  circuit  of  the  recording  mag- 
net, which  will  cause  similar  fluxes  to  be  impressed  upon  suc- 
cessive portions  of  the  steel  wire  as  it  passes  before  the  pole  of 
the  recording  magnet. 

In  reproducing  the  record,  the  erasing  current  is  discontinued 
and  a  telephone  receiver  is  introduced  into  the  circuit  of  the 
recording  magnet  winding. 

Upon  causing  the  steel  wire  carrying  the  magnetic  record 
again  to  pass  before  the  pole  of  the  recording  magnet  at  the  same 
speed  and  in  the  same  direction  as  when  making  the  record  the 
varying  fluxes  in  the  wire  will  set  up  corresponding  fluxes  in 
the  magnetic  circuit  of  the  recording  magnet,  thus  inducing  cur- 
rent waves  of  similar  value  in  the  winding  and  circuit  of  the  re- 
cording magnet  and  the  telephone  receiver. 

The  receiver  diaphragm  vibrating  in  unison  with  these  cur- 
rents will  set  up  sound  waves  similar  to  those  acting  upon  the 
telephone  transmitter  in  making  the  record. 

The  machine  itself  may  be  located  at  any  distance  from  the 
dictator.  Whether  it  be  10  ft.  or  10  miles  it  makes  no  difference 
in  the  matter  of  dictating  with  comfort  and  ease.  The  dictator 
is  supplied  with  an  extension  set  containing  an  electric  indicator 
which  at  all  times  gives  the  position  of  the  wire  on  the  reels  and 
enables  him  to  determine  just  hoAv  much  of  his  recording  body 
he  has  used  and  how  much  is  yet  available  without  changing  the 
reels.  There  are  three  push  buttons  which  give  him  absolute  con- 
trol of  the  machine;  one  for  running  forward,  one  for  stopping 
and  one  for  backing  it  up.     In  addition  to  this  he  is  supplied 
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with  a  traiisinitter  and  a  receiver  and  Avith  a  button  or  spring 
which  may  be  k)eated  in  any  convenient  place  either  on  the  ex- 
tension set  or  on  the  receiver  or  transmitter,  which  button  oper- 
ates the  erasing  circuit  of  the  machine.  When  this  button  is 
pressed  so  as  to  make  contact,  and  the  machine  at  the  same  time 
runs  forward,  one  set  of  magnets  erases  any  previous  records 
that  may  be  on  the  wire.  Thus  he  is  thoroughly  equipped  for 
dictating,  for  listening  to  his  own  dictation,  for  erasing  and  mak- 
ing correcti(ms,  and  in  fact  for  doing  everything  except  chang- 
ing the  reels  if  they  are  filled  and  new  ones  required.  This  must 
be  done  by  some  one  near  the  machine. 

The  arrangement  is  such  that  erasing  a  previous  record  is  not 
a  separate  operation.  This  is  automatically  done  while  new  dic- 
tation is  being  put  on  the  same  wire,  for  the  wire  must  pass  the 
erasing  magnet  before  it  reaches  the  recording  magnet.  It  is 
only  necessary  to  press  a  button  and  put  the  erasing  magnet  in 
circuit  in  order  to  secure  a  clean  Avire  for  the  new  dictation. 

If  an  error  is  made  or  a  correction  or  change  is  desired  the 
dictator  has  only  to  reverse  the  machine,  back  up  to  the  desired 
point,  listen  to  his  dictation  through  the  receiver,  and  redictate 
that  part  which  is  unsatisfactory,  at  the  same  time  erasing  the 
former  or  unsatisfactory  dictation. 

Thus  he  is  at  once  equipped  for  30  minutes'  continuous  and 
uninterrupted  dictation,  at  all  times  having  his  "  stenographer  " 
under  perfect  control.  If  he  dictates  longer  than  30  minutes  he 
is  interrupted  for  only  the  fraction  of  a  minute  while  the  filled 
reels  are  being  removed  and  new  ones  put  in  the  place  of  them. 

It  is  also  a  machine  for  reporting  telephonic  conversation,  and 
there  are  appliances  for  connecting  the  machine  to  telephones  in 
cities  at  great  distances  and  reporting  what  is  said  directly  into 
the  machine.  It  is  possible  even  to  record  speech  when  a  person 
is  standing  10  ft.  away  from  the  transmitter. 

Mr.  Brushaber  said  that  the  first  idea  of  the  use  of  the  dictat- 
ing machine  was  not  so  much  to  increase  the  efficiency  of  help, 
but  to  decrease  it  bj^  the  employment  of  cheaper  labor.  The  real 
economy  of  the  dictation  machine  comes  from  the  fact  that  the 
payroll  may  be  cut  down  as  desired  or  the  efficiency  of  both  dic- 
tator and  transcriber,  as  compared  with  the  process  of  taking 
and  transcribing  stenographic  notes,  be  increased. 

With  the  dictating  machine  method  of  handling  correspond- 
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ence  the  man  reads  the  letter,  gives  it  the  necessary  attention  in 
order  that  he  may  reply  to  it  properly,  and  then  dictates  the 
reply  to  the  dictation  machine.  If  he  requires  something  from 
the  files  in  order  to  enable  him  to  reply  to  the  letter  in  a  proper 
manner  he  dictates  a  memorandum  on  the  dictation  machine, 
and  then  lays  the  letter  aside  in  order  that  the  data  may  be 
looked  up,  and  brought  to  him.  He  then  takes  up  the  next  letter 
and  dictates  the  reply,  and  so  on,  until  he  has  finished  his  mail. 
The  dictation  of  the  reply  is  done  while  the  subject  matter  of 
the  correspondence  is  fresh  in  mind.  The  work  of  the  corre- 
spondence is  despatched  with  ease  and  accuracy,  and  the  machine 
may  be  used  instantly  without  an}'  delays  incident  to  the  move- 
ments of  a  stenographer. 

In  the  case  of  an  express  company  $200  a  month  was  saved 
after  the  installation  of  the  dictating  machine.  The  same  amount 
of  work  is  done  with  nine  machines  which,  formerly  required 
thirteen  stenographers.  There  has  been  an  increase  of  45  per 
cent  of  the  letter  writing  capacity,  making  it  possible  to  keep 
their  current  claims  up  to  date.  Moreover  it  was  found  that 
work  was  transcribed  so  accurately  that  it  did  not  require  a  re- 
reading on  the  part  of  the  dictator  which  was  formerly  neces- 
sary under  the  stenographic  method. 

A  general  discussion  followed  the  presentation  of  the  papers. 

S.  H.  Bunnell  said  he  found  it  a  great  annoyance  to  have  to 
stop  dictating,  often  in  the  middle  of  an  important  sentence,  to 
adjust  a  new  cylinder.  Another  objection  he  had  to  the  use  of 
the  machine  was  that  it  was  practically  impossible  to  record  fig- 
ures, there  being  no  way  for  the  transcriber  to  distinguish  be- 
tween fractions  and  decimals.  He  also  had  difficulty  in  making 
corrections.  In  simple  dictation,  such  as  letters,  etc.,  changes 
were  easily  made,  but  in  dictating  specifications,  and  similar 
matter,  where  there  are  many  clauses  here  and  there  to  be 
changed  it  is  a  source  of  considerable  annoyance. 

Jos.  F.  Diepenbrock'  said  the  success  of  the  machine  depended 
on  the  good  will  and  patience  of  the  operators;  also  upon  the 
manner  in  which  the  dictator  talked  into  it.  He  had  reduced  his 
office  staff  from  five  stenographers  to  two  dictating  machine 
transcribers,  and  had  found  it  possible  to  cope  with  a  large 
amount  of  mail  in  a  very  short  time. 

^  Harrison,  N.  J. 
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T.  C.  Martin,  Jr.'  found  the  iiuichine  of  special  value  in  con- 
nection with  form  letters  where  he  had  been  able  to  save  time 
and  expense  in  inserting  special  paragraphs.  There  would  be 
less  opposition  to  overcome  if  in  installing  the  machine  the 
higher  officials  were  given  it  first,  then  the  lesser  ones  and  sub- 
ordinates. He  considered  the  dictating  machine  as  important  an 
asset  to  office  equipment  as  the  telephone. 

W.  W.  Macon  spoke  of  the  difficulty  of  recording  sibilants. 
F  and  S  are  particularly  difficult  letters  to  catch  on  the  dictating 
machine  just  as  on  the  telephone. 

H.  R.  CoBLEiGH  said  he  has  used  the  dictating  machine  for  five 
years  and  was  thoroughly  satisfied  Avith  it. 

H.  J.  K.  Porter  inquired  whether  or  not  the  machine  could 
be  used  to  handle  the  proceedings  of  a  meeting  conducted  in  for- 
eign languages,  and  C.  K.  Fankhauser  answered  him  in  the 
affirmative. 

'  Secy.,  Natl.  E^lec.  Lgt.  Assoc,  New  York. 
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FOREIGN  REVIEW 

The  aim  of  the  Foreign  Review  is  to  present,  within  the  available 
space,  the  main  data  contained  in  the  article  indexed.  Where  pos- 
sible, reference  is  made  to  English  or  American  publications  con- 
taining fuller  information  on  the  subject  treated.  Measures  are 
given  both  in  original  units  and  their  English  equivalents.  In 
many  instances,  engravings  and  tables  are  reproduced.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  Articles  are 
classified  as  c  comparative;  d  descriptive;  e  experimental;  g  general; 
h  historical;  m  mathematical;  p  practical;  t  theoretical.  Articles  of 
exceptional  merit  are  rated  A  by  the  reviewer. 

Air  Machinery 

Resonance  Phenomena  in  the  Suction  Piping  of  Compressors  and  Gas 
Engines,  see  Mechanics. 

StauroLr,  Apparatus  for  Measuring  Air  Volumes  and  Air  Pressures,  see 
Heating. 

Firing 

Mechanical  Firing  with  Special  Regard  to  Firing  with  Lignite 
Briquettes  (Maschinenfeuerungen  unter  besonderer  Beriicksichtigung  der 
Braunkohlenbrikettfeuerung,  Weilandt.  Zeits,  fiir  Dampfkessel  und  Mas- 
chinenbetrieb,  March  29  and  June  14,  1912.  8  pp.,  27  figs.  d).  Description 
of  various  types  of  furnaces,  with  particular  attention  to  those  for  firing 
with  lignite  briquettes.  Some  of  the  types  described  in  the  article  have  been 
already  mentioned  in  this  Review. 

Heating 

Investigations  at  the  Laboratory  tor  Testing  Heating  and  Ventilat- 
ing Installations  of  the  Royal  Technical  High  School  at  Berlin, 
WITH  AN  Appendix  on  Utilization  of  Exhaust  Steam  (Forschungsar- 
beiten  der  Priifungsanstalt  f&r  Heizungs-  u.  Luftungseinrichtungen  der 
Egl.  Technisclien  Hochschule  Berlin  nebst  einem  Anli<ing  iiber  "  Abioiir- 
meverivertung,"  K.  Brab6e.  Oesundfieits-Ingenieur,  May  25  and  June  8, 
1912.  22  pp.,  65  figs,  ed  A).  Condensed  account  of  the  work  done  lately 
by  the  above  laboratory,  with  brief  description  of  the  apparatus  used  and 
some  methods  of  testing.    Of  the  apparatus  the  most  interesting  is  the  one 
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showu  iu  Fig.  1,  called  "  Staurohr,"  aud  used  for  measuring  air-volumes 
and  air  pressures.  In  conjunction  with  two  otlier  apparatus,  volumeter  and 
manometer,  the  Staurohr  may  also  register  the  air  volume  aud  pressure. 
It  consists  of  a  plain,  smoothly  turned,  cylindrical  tube  enclosed  in  another 
tube,  'both  ending  in  a  conical  extension.  The  inner  tube  takes  care  of  the 
total  pressure,  static  and  dynamic;  the  outer,  through  its  flue  openings, 
only  of  the  static,  which  permits  the  elimination  of  it  in  measuring  the 
velocity  of  the  air.  The  same  apparatus  has  also  been  adapted  for  water 
measurements. 

The  laboratory  made  more  than  300  tests  of  protective  coverings,  and 
foimd  that  they  may  reduce  the  efficiency  of  the  heating  apparatus  as 
much  as  40  per  cent. 

The  article  describes  very  interesting  tests  on  the  influence  of  increased 
velocity  of  air  and  eddies  in  air  on  the  giving  up  of  heat  by  heating  appar- 
atus, as  well  as  tests  of  automatic  temperature  regulators  of  hot  water  and 
low-pressure  steam  heating  installations.     The  laboratory  made  extensive 
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Fig.   1     "Staukohr"  for  Measuring  Air  Volumes  and  Pressures 


tests  with  steam  traps,  and  found  that  with  large  amounts  of  water  the 
traps  work  practically  with  no  losses,  but  show  considerable  losses  with 
small  amounts  of  water ;  that  the  maximum  efficiency  of  the  traps  depends 
on  the  temperature  of  water,  aud  that  the  pr&ssures  iu  open  outlets  cannot 
always  be  neglected. 
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Internal-Combustion  Engines 

MoTOB  FiEE  Engines  (Three  articles  on  the  efficiency  aud  construction 
of  motor  fire  engines  unch^r  the  following  titles :  Die  Fahrgestclle  und 
J'uiiipcii  der  Fcucnvchr-Motar.spritzcu.  Schwedtfeger ;  Die  Entwicklung  der 
Motorspritzcn,  die  Ergchnisse  der  stattgcfiindcnen  und  der  Wert  der  ge- 
plantcn  Priifungsfahrten  mit  Motor  sprit  sen,  A.  Bausehlieher ;  Zur  Fragc 
der  Feuericehr-Fahrzeiige,  M.  Reichel).    Der  Motorwagen,  June  10,  1912. 

Spray  Carburetor  Indicator  (Itidikator  fiir  Einspi-itz-Vergaser,  G.  Berg- 
mann.  Der  Motoricagen,  June  20,  1912.  5  pp.  8  figs.  edA).  Beginning 
of  a  series  of  articles  on  the  use  of  a  special  device  for  indicating  pressure 
variations  in  a  high-speed  piston  engine,  the  first  purpose  of  the  tests  hav- 
ing been  to  investigate  the  processes  in  a  carburetor  of  a  high-speed  benzene 
motor.    A  fuller  account  will  be  given  later. 

Resonance  Phenomena  in  the  Suction  Piping  of  Compressors  and  Gas 
Engines,  see  Mechanics. 

Machine  Shop 

Power  Required  by  Bending  Machines  {Der  Krafthedarf  von  Biege- 
mascldnen,  S.  Zander.  WerkstattstechniJc,  June  15,  1912.  1  p.,  3  figs.  t). 
The  author  shows  that  the  power  required  for  bending  machines  cannot 
(be  determined  from  the  usual  formula  M  =  W.  K,  where  K  is  the  stress 
at  the  yield  point,  because  this  formula  has  been  developed  on  the  assump- 
tion of  the  proixtrtionality  of  deformation  to  the  stress  in  the  fiber,  and 
therefore  may  be  applied  only  to  stresses  under  the  elastic  limit,  while  in 
the  bending  machines  the  stresses  which  are  required  to  produce  a  per- 
manent deformation  must  be  carried  beyond  the  elastic  limit,  to  the  yield 
point.  The  actual  power  required  is  considerably  higher  than  would  ap- 
pear from  this  formula,  and  may  be  obtained  by  substituting  for  E  not  the 
stress  at  the  yield  point,  but  a  higher  value,  such  as  the  breaking  strength 
of  the  material. 

Calculation  and  Design  of  Belt,  Hemp  Rope  and  Wire  Rope  Pulleys 
{Die  Berechnung  und  Construktion  von  Rienien-,  Hanfseil-  und  Drahtseil- 
Scheiben,  Paul  Haupt.  Zeits.  fiir  Elektroteohnik  und  Maschinenbau,  June 
5,  1912).  Beginning  of  a  series  of  articles  on  the  calculation  and  design  of 
various  pulleys,  of  a  rather  elementaiy  character,  mainly  for  young  design- 
ers. 

A  System  of  Taps  and  Dies  (Systeme  de  Tarauds  et  Filidres.  La 
M6taUurgie,  June  26,  1912.  1/3  p.,  4  figs.  d).  Description  of  a  system  of 
taps  and  dies  patented  by  the  Soci^te  des  ateliers  Minne  et  Stempert  and 
based  on  the  principle  of  cutting  the  screw  thread  by  a  relieved  tool,  work- 
ing only  with  its  back  cutting  edge,  having  no  side  friction,  and  providing 
for  a  free  passage  of  the  lubricant  down  to  the  cutting  edge  of  the  tool, 
and  even  under  the  chip.  Fig.  2  A  shows  how  a  thread  is  cut  by  an  ordi- 
nary tap  filling  the  space  entirely,  producing  a  powerful  friction  on  the 
thread,  and  pushing  the  lubricant  in  front  of  the  chip.  B  shows  the  same 
kind  of  work  being  done  by  a  tap  constructed  on  the  above  principle,  with 
the  faces  of  the  teeth  relieved  of  all  unnecessary  friction,  and  plenty  of 
i-oom  for  the  lubricant.    Since  however  in  this  system  the  teeth  have  a  pro- 
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file  different  from  that  of  the  thread  to  l)e  cut,  they  have  to  be  disposed 
in  such  a  manner  that  their  back  edges  should  successively  cover  the  entire 
face  of  the  thread.  C  show^s  hov^^  this  is  done.  The  thread  to  be  cut  is  a 
truncated  triangle,  and  B  is  a  part  of  the  tap ;  the  full  lines  indicate  the 
profile  of  the  ti-ap,  and  the  broken  lines  that  of  the  thi'ead.  The  tap  is  at  first 
cut  with  a  profile  adopted,  but  sharper  than  that  of  the  thread,  and  in  a 
cone  of  diameter  decreasing  from  a  to  b  in  such  a  manner  that  the  vertices 
a  and  b  are  common  to  both  profiles.     Then  the  exterior  of  the  thread  is 


Fig.  2     Minne  and  Stempert  Taps 


turned  in  diminishing  cones  from  h  to  a,  the  conical  surface  obtained 
being  the  intersection  of  the  two  threads  considered.  (The  above  is  prac- 
tically a  word  for  word  translation  of  the  original  article.) 

Mechanics 

Losses  in  the  Transmission  (Fertes  dans  la  Iransmission,  G.  Lienhard.  La 
Technique  automobile  el  aerienne,  May  15,  1912.  3i  pp.,  4  figs.  t).  Theoretical, 
mainly  mathematical  investigation  of  transmission  losses,  with  special  reference 
to  losses  in  universal  joints.    The  author  derives  the  following  equations: 

X 

For  useful  work  of  the  joint:  Ta  =  ~Mo 

For  total  work:  T  =  Tu  +  T( 
For  eflBciency  of  the  joint: 


P  =  , 


=  1 


T^  +  Tt  Tu  +  Tf 

where  Afo  is  the  moment  of  resistance  at  the  bearing  (say  at  B,  Fig.  3)  with 
respect  to  the  axis  of  the  shaft  normal  to  the  plane  of  the  great  circle  AB,  this 
moment  being  equal  to  the  force  F  acting  on  the  journal  B.  The  author  shows 
further  that 

T{    2r  sin  lA  ,  ^  .  -     --  . 

"^  ■  Log  <^  {  -  +-  )  +tg  A 


Tu 


R 


Wog  tg(-^+f\+tg  A 


and  that  the  efficiency  of  the  joint  is  zero  for  angle  A  —  -.  A  universal  joint  can- 
not of  course  be  used  for  the  transmission  of  efforts  at  right  angles;  the  efficiency 
increases  as  one  shaft  tends  to  become  the  prolongation  of  the  other,  and  when 
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they  do  become  so,  the  efficiency  is  unity,  and  the  joint  is  useless.  For  small 
values  of  A,  as  is  generally  the  caee,  the  value  of  Tt  is  small  in  comparison  with 
Tu,  and  the  equation  for  efficiency  may  be  written  thus: 

Tt 


1- 


Tu 


or 


P  =  l 


2r  sin  ^ 
X  R 

Developing  it  into  a  series  and  taking  only  the  first  terms: 

4  Ar  Bin  }ff 


^log  tg(^^+^ytgA^ 


1  =  1- 


R 


This  form  shows  clearly  the  influence  of  the  different  elements  of  the  joint. 
To  increase  the  efficiency:  (o)  it  is  well  to  decrease  A  as  far  as  possible.    The 


Fig.  3     Diagram  of  Universal  Joint 


author  states  that  although  that  is  practically  self-evident,  there  are  still  many 
joints  made  with  the  driving  and  driven  shafts,  making  an  appreciable  angle 
between  them;  (6)  the  radius  of  the  journals  must  be  made  as  small  as  possible, 
and  therefore  the  strongest  materials  must  be  used  for  them;  (c)  the  angle  ^ 
must  be  made  as  small  as  possible,  or  the  best  lubrication  must  be  used;  (d)  R 
must  be  made  as  large  as  possible:  the  influence  of  this  factor  is  as  a  rule  very 
Uttle  realiied. 

The  author  applies  his  formulae  to  the  examination  of  a  particular  joint. 

The  second  part  of  the  article  is  devoted  to  the  investigation  of  friction  in  the 
steering  swivel.  The  author  considers  the  leading  axle,  and  supposes  the  load 
on  the  axle  to  be  constant;  this  is  really  not  correct,  but  the  average  load  diff'ers 
but  very  little  from  the  static  load  on  the  axle.    The  author  deduces  finally  the 
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„         4  J/o  a_    f    :  ^  1 

TTie  frktaon  betweoi  ti  rs*i  josni  az^  ifae  biocks 

acted  on  by  eenLrlT-Zi! :  : :«  Pi  prcfwDooeal  lo  the 

centnn^al  lorc  .    .. m  tbe  ceater  <rf  g»Tirr  di  tfee 

bkxrk  is  op  di5-  r  tfae  di^caBce  tliioueh  viiidt  ite  lone 

acts  in  a  ^e«o^Mi  i=  Si  =  -  in  h-p.  besg 

5i>'.75 
The  total  toes  in  h.p.  is  ^ 

Jfi.i.n  /^  \        320 


"dim  (^        \ 


Id.  Qzirreisal  Jcantc  trhii  rsD  C&zdan  bote  wngwwtl  to  eadi  other  the  &ieticn 

between  Hock  and  goide  agid  Idoek  aaA  hocgag  is  cBwmated.  vh3e  AeMeiioB 

between  block  joad  not  is  twice  as  lar^  as  a  the  pRcedEBg  case  beeaise  ii>!e 

junt  has  foor  iz^ead  of  two  bkx^.    The  tocal  friction  is  thesesote 

-  ff 

B=Bi^= Md.-.i.u^. 

1-5..  5  « 

UsGsIbr  fi  is  Tteaiiy  equal  to  n,  asd  a  is  frcrn  four  to  se  taaes  as  lazge  as  ^  ^id 
on  the  aver&se  msy  be  taksi  to  be  bt?  iiiil^s  as  large.  On  this  assnnptian  the 
total  loss  in  the  guide  may  be  i;^si  to  be  Sve  tints  as  Isrge  as  berwe^  boh 
and  Modi:.  The  tmirasal  jcsnx  with  twt)  Cardan  boits  at  with  kmr  hiocks  is  is 
neaziy  erefj  r^>ect  bMiwfiir  to  jcsLi  of  fJw^ifcT  coBsxnictiaB. 

TssoxT  or  Fbicthes^ix  LrHsiCATi3>  MjL-rHiXB  P^bts  {Zv  Thetrie  der  Be&vmf 
getekmuTier  iiasekifnaieik^  L-  Ubbefcfcde-  P€£nricat,  May  IS  sad  Jane  d.  1912. 
10  i^..  9  fi^.  etA}.  Continaation  of  ^le  aiti^  on  ^te  ikeerv  «f  fritHtm  n 
Zuinbate^Mocfamf  fvtsalstnctedinTT^  JmcrikalfQrJBBel9L2,p.96Sw  PciioS 
.Veae  Thamie  itr  Babmmg,  Hamboi^  ISSS).  who  was  the  &st  io  mTsdgate 
iheoRticadty  the  laws  o£  fiiction  in  Idbiicaied  beazBi^w  is  the  ongiBatQr  of  die 
so-caBed  h%drud»naaac  theocy  aeocsdbig  to  which  the  phemmesa  of  &ictioB 
in  beatn^  are  gOTcmed  by  the  laws  of  iBtemal  friction  of  the  Idbrieaat-  On 
the  siq^Misitian  &at  the  hib»eant  aiOieres  both  to  the  joeiaal  and  the  Ikhbs; 
and  the  joomal  e  eoneentiie  with  its  beaiB^  the  TelocBy  £aB  in  Ae  UbricaBt 
msy  be  esprssed  ss 

*_£ 

d«~« 

where  [~  is  the  Tek«ny  st  the  surface  of  the  joranal,  and  i  the  thjffcnfsy  of  the 
layer  of  lobcicazit  stzppcc^edly  small  and  mttfnnn-  The  mnmrnt  of  frirtinn  on  the 
jountal  may  then  be  e:spre:ssed.  according  to  Xewton's  law.  by  the  fonwaia 
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where  r  is  the  radius  of  the  journal,  and  F  the  inner  wettened  surface  of  the 
bearing.  According  to  this  formula  the  friction  is  proportional  to  the  velocity 
U,  contrary  to  Coulomb's  law. 

Reynolds  and  especially  Sommerfeld  have  shown,  however,  that,  contrary  to 
Petroflf'e  assumption,  the  journal  is  not  concentric  with  the  bearing,  but  is  some- 
what eccentric,  the  eccentricity  being  proportional  to  pressure  and  inversely 
proportional  to  velocity.  Fig.  4  represents  graphically  the  relation  between  the 
velocity  U  (abscissae)  and. the  coefficient  of  friction  y..  In  this  figure  P  is  pres- 
sure, 77  viscosity  or  internal  friction  of  the  lubricant,  5  difference  between  the 
radii  of  the  bearing  and  journal,  which  was  defined  above  as  thickness  of  layer 
of  lubricant,  because  of  the  supposition  of  its  being  uniform.  This  figure  shows 
that  for  zero  velocity  the  coefficient  of  friction  has  a  definite  value  equal  for  all 
pressures;  with  increasing  velocity  it  decreases  a  little  at  first  for  all  pressures, 
and  then  begins  to  increase.  The  minimum  value  of  the  coefficient  of  friction 
\b  the  same  for  all  curves  (line  h),  and  is  equal  to  Mmin  =  0.943aio-    It  depends  thus, 


^min. 


Fig.  4     Sommerfeld  Friction  Diagram 


like  the  coefficient  of  friction  of  rest,  only  on  the  dimensions  of  the  bearing,  is 
about  6  per  cent  less  than  that  coefficient,  and  is  independent  of  the  journal 
pressure  and  journal  velocity,  which  are  of  material  influence  in  shaping  the 
rest  of  the  curve.  The  greater  the  pressure  the  higher  is  the  velocity  at  which 
the  minimum  coefficient  of  friction  is  reached.  This  velocity  is  denoted  by  f/min 
and  called  "velocity  of  transition,"  the  corresponding  pressure  Pmin  being 
called  "pressure  of  transition,"  and  both  expressed  by  the  following  formulae: 

5*P 


15.l7,r2 


and 


Pmin  =  15.1 


5' 


which  show  that  the  value  of  velocity  of  transition  grows  with  the  growth  of  the 
journal  pressure  P,  and  with  the  decrease  of  viscosity  of  the  lubricant.  Since, 
however,  viscosity  falls  noticeably  when  temperature  rises,  we  may  say  that 
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velocity  of  transition  rises  with  rise  of  temperature.  At  high  velocities  the 
separate  curves  lie  asymptotically  to  broken  hnes  passing  through  the  origin, 
and  representing  the  equations 

2ir7jr  U 

u  = 

5P 
and 

M  =  r— -=0.416mo 
15.  Ir 

of  which  the  second  is  for  U^ia-  Accordingly,  a  Une  c  parallel  to  the  axis  of 
abscissae  is  drawn  at  a  distance  0.416mo  from  the  origin,  and  the  asymptotes  of 
all  the  curves  are  obtained  by  connecting  with  the  origin  the  points  of  intersec- 
tion of  this  hne  with  the  ordinates  at  t/min- 

These  theoretical  propositions  have  been  found  to  agree  fairly  well  with  data 
obtained  experimentally  by  Striebeck  {Zeits.  des  Vereines  deutscher  Ingenieure, 
46,  341,  1902),  while  the  not  very  considerable  discrepancies  between  the  the- 
oretical and  experimental  values  are  explained  by  the  author  by  the  fact  that, 
especially  at  low  velocities,  we  have  to  deal  not  with  pure  liquid  friction,  but 
also  with  dry  friction  produced  by  direct  contact  between  journal  and  bearing 
(proof-electric  contact)  which  materially  increases  the  total  resistance. 

To  prove  the  correctnees  of  the  contention  that  ae  far  as  the  oil  is  concerned, 
viscosity  is  the  only  factor  affecting  the  coefficient  of  friction,  it  was  sufficient 
to  show  experimentally  that  all  oils  of  equal  viscosity  would  have  the  same 
coefficient  of  friction  in  a  bearing.  Extensive  tests  in  this  direction  were  made 
by  the  author  with  a  Martens  machine  for  testing  oils,  with  simultaneous  deter- 
mination of  the  viscosity  of  oils  tested  at  the  temperature  which  the  oil  had 
during  the  test  (complete  table  of  data  is  given  in  the  article).  These  tests  have 
shown  that  the  coefficient  of  friction  ie  the  same  not  only  for  all  oils  having  the 
same  viscosity  at  the  same  temperature,  but  even  for  oils  having  the  same 
viscosity  at  different  temperature.  It  was  also  found  that  the  coefficient  of 
friction  increased  with  the  increase  in  viscosity. 

Some  of  the  general  results  of  these  tests  are  of  interest.  The  tests  have  been 
made  with  oils  of  very  different  grades,  origin,  and  price,  but  as  far  as  the  co- 
efficient of  friction  is  concerned,  practically  all  the  oils  were  found  to  behave 
exactly  aUke,  and  particular  origin,  make,  or  degree  of  refinement  were  found 
to  be  immaterial,  the  only  really  important  mechanical  factor  being  the  vis- 
cosity. This  is  true,  of  course,  only  when  the  presence  of  asphalt  or  similar 
matter  in  the  oil  is  not  harmful,  as  is  the  case  when  the  oil  is  not  exposed  to  too 
high  temperatures,  but  cannot  be  applied  hterally  in  the  case  of  superheated  steam 
cylinder  lubrication,  lubrication  of  air  compressors,  etc.,  where  the  oil  must  be 
free  of  easily  decomposable  substances  and  otherwise  very  pure,  not  for  mechani- 
cal reasons,  however,  but  because  in  decomposing  it  generally  forms  undesir- 
able residues. 

The  author  does  not  beUeve  in  testing  lubricants  in  the  existing  special  testing 
machines  because:  (a)  the  coefficient  of  friction  depends  on  viscosity  alone,  and 
therefore  a  viscosity  determination  is  entirely  sufficient,  direct  measurement 
being  superfluous;  (b)  it  depends  quite  materially  on  the  shape  of  the  bearing, 
especially  on  the  difference  between  the  radii  of  the  bearing  and  journal,  and 
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that  the  testing  machine  does  not  show.  It  would  therefore  be  entirely  wi"ong' 
to  use  for  practical  purposes  data  obtained  on  testing  machines.  It  may  be 
pointed  out  here  that  Professor  Thurston,  in  his  Treatise  on  Friction  and  Lost 
Work  in  Machinery  and  Millwork  (New  York,  1885,  p.  192),  stated  that  the 
viscosity  test  "is  regarded  as  quite  as  satisfactory  as  any  single  physical  or 
chemical  test  known,  and  as  second  only  to  the  best  testing  machine  methods," 
but  at  that  time  he  denied  (ib.  p.  98)  that  viscosity  affects  the  value  of  the  co- 
efficient of  friction. 

The  author  considers  one  of  the  greatest  difficulties  in  connection  with  the 
problem  of  efficient  lubrication  the  overcoming  of  dry  friction  between  the 
journal  and  bearing  which  might  theoretically  be  ehminated  only  under  the 
following  conditions :  (a)  preservation  of  a  definite  constant  velocity  and  definite 
constant  pressure;  (6)  definite  viscosity  of  the  oil;  (c)  proper  dimensions  and 
very  smooth  surface  of  the  parts  in  rolling  contact.  Practically  in  nearly  all 
cases  these  conditions  cannot  be  maintained  for  any  length  of  time.  The  speed 
of  rotation  of  machinery  changes  very  frequently;  the  load  naturally  varies  also; 
the  viscosity  of  the  oil  is  subject  to  changes  with  temperature,  while  the  surface 
conditions  and  dimensions  of  the  parts  in  rolling  contact  may  both  vary  with 
temperature,  and  be  affected  by  wear.  Dry  friction  cannot  therefore  be  elimin- 
ated entirely,  and  the  best  that  can  be  done  is  to  reduce  it  as  much  as  possible. 
The  rest  of  the  article  is  devoted  to  the  discussion  of  the  applicabihty  for  this 
purpose  of  artificial  graphite  lubricants,  mainly  on  the  basis  of  data  obtained  by 
American  investigators. 

Note  on  the  Design  of  Volute  Springs  {Contribution  axi  calcul  des  ressorts 
a  houdin,  d'apres  H.  Al.  Siebeck.  Revue  de  mecanique,  June  1912.  9  pp.,  5  figs., 
2  tables,  t).  French  translation  of  the  article  under  the  same  title  in  the  Zeits. 
des  Vereines  deutscher  Ingenieure,  fully  abstracted  in  The  Journal,  April  1912, 
p.  627. 

Resonance  Phenomena  in  the  Suction  Piping  of  Compressors  and 
Gas  Engines  (Resonanzerscheinungen  in  der  Saugleitung  von  Eompres- 
soren  und  Gasmotoren,  P.  Voissel.  Zeits.  des  Vereines  deutscher  Ingeni- 
eure, May  4,  1912.  3  pp.,  11  figs.  etA).  An  article  by  E.  W.  Koester  in 
Zeits.  des  Vereines  deutscher  Ingenieure,  Januaiy  23,  1904,  contained  a 
number  of  indicator  diagrams  for  a  Koester  compressor.  The  suction  lines 
in  these  diagrams  showed  some  regularly  occurring  oscillations  which,  when 
transformed  into  a  time-pressure  curve,  gave  a  line  similar  to  a  sinusoid, 
which  was  the  same  as  long  as  the  speed  of  the  compressor  remained  con- 
stant, but  varied  in  phase  with  the  change  of  speed.  There  was  a  com- 
plete oscillation  for  each  stroke.  In  diagrams  taken  with  the  suction  pip- 
ing cut  out,  the  suction  line  was  straight,  and  coincided  with  the  atmo- 
spheric. Similar  periodic  variations  of  pre.ssure  occur  in  the  piping  of  gas 
engines,  while  their  safety  of  operation  requires  that  the  admission  of  gas 
and  air  should  he  entirely  free  from  irregularities  of  working,  and  depend 
exclusively  on  the  system  of  governing. 

Professors  Sommerfeld  and  Debye  were  the  first  to  i-ecognize  these  pres- 
sure variations  as  belonging  to  the  class  of  resonance  phenomena.  Since 
the  velocity  of  the  piston  in  each  stroke  varies  from  zero  to  maximum  and 
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back  to  zei-o  again,  and  the  air  in  the  cylindt^r  must  follow  the  piston, 
there  arise  in  the  piping  longitudinal  air  oscillations  which  are  reflected  at 
the  open  end  of  the  i)ipe.  Vertical  waves  are  produced,  and  the  suction 
piping  acts  approximately  as  a  "covered"  tube,  i.  e.  one  closed  at  one  end, 
and  open  at  the  other.  In  the  Sonimerfeld-Debye  theory  a  differential 
equation  of  the  wave  motion  in  the  pipe  is  derived  from  Euler's  funda- 
mental hydrodynamic  equation  and,  by  integration,  the  pressure  variation 
corresponding  to  given  limiting  conditions  is  developed  as  a  periodic  time 
function  in  the  form  of  a  Fourier  series.     The  pressure  variation  is  thus 
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Fig.  5     Suction  Piping  (Arrangement  for  Test) 


igj 


nf--70 


^-117'-*'.  nrZ.S 


n^tes 


n-f'69 


Fig.  6     Pressure-Speed  Variation  in  the  Piping  of  a  Compressor 


represented  as  a  converging  series  of  superimposed  simple  sine  waves  of 
increasing  frequency,  and  the  resonance  can  so  sti*engthen  each  of  these 
waves  as  to  make  it  predominant  or  even  acting  to  the  exclusion  of  all 
others.  Friction  and  inertia  dampen  the  amplitude  of  vibration  of  single 
waves  in  the  case  of  resonance  as  well  as  otherwise,  their  action  being 
directly  proportional  to  the  frequency.  Dampening  produces  also  a  phase 
displacement  which  in  case  of  resonance  leads  to  a  lag  of  a  quarter  period. 
The  amplitude  of  single  waves  is  pi'oportional  to  the  compressor  stroke  and 


1250  FOREIGN    REVIEW 

speed  in  revolutions.  Tlie  following  e<iuations  have  been  derived  for  the 
critical  number  of  revolutions  n  of  the  compressor  or  gas  engine  (i.  e.  num- 
ber of  revolutions  at  which  resonance  is  likely  to  occur)  : 

n  a 

tor  a  compressor :  j»,    -=  (2  fc  +  1)  — 
GO  -il 

n                          a 
For  a  gas  engine:  m     ^=  (2  k  +  1) 

120  4:1 

Where  I  is  the  length  of  the  suction  piping,  a  velocity  of  sound,  /,;  zero,  or 

some  integer,  and  m  the  number  of  oscillations  of  a  single  wave  during 

one  rotation  of  the  crank.    For  vi  the  following  values  are  given : 

For  a  single-stage  compressor :  1,  2,  4,  6,  etc. 

For  a  double-stage  compressor:       2,  4,  6,  etc. 

For  a  single-acting  four-strolve  cycle  engine  :    1,  2,  3,  4,  5,  etc. 

For  a  double-acting  four-stroke  cycle  engine:  1,       3,  4,  5,  etc. 

In  a  double-acting  compressor  the  resonance  of  each  single  wave  pro- 
duces rise  of  pressure  at  the  end  of  the  suction  stroke,  while  in  a  single- 
acting  compressor  the  single  waves  with  frequency  of  one  cycle  produce 
rise  of  pressure  only  at  the  critical  number  of  revolutions,  and  all  other 
waves  at  resonance.  Air  pressure  variations  are  especially  to  be  avoided 
in  the  case  of  gas  engines. 

The  article  contains  a  detailed  description  of  the  arrangement  of  tests 
for  the  accuracy  of  the  above  formulae.  Fig.  5  shows  the  suction  piping, 
26  m  (83  ft.)  long,  while  Fig.  6  shows  the  pressure  variations,  which  in  the 
case  of  a  single-acting  compressor  may  be  represented  by 

— Ai  cos  wt  —  Aa  sin  2wt  —  A*  sin  4:Wt  —  Aa  sin  {Jict  — 

where  A  is  constant,  to  is  the  angle  velocity  of  the  crank,  and  t  the  time. 
The  resonance  produces  lag  in  phase  of  one-quarter  period.  Opposite  each 
figure  are  given  the  actual  test  data.    As  to  critical  velocity  the  test  shows: 

Number  of  Wave      Calculated  Velocity  Actual  Velocity  Difference 

Second    99  110  11 

First   198  220  22 

In  full  agreement  with  theoretical  suppositions,  there  were  two  oscilla- 
tions for  each  revolution  of  the  crank  in  the  second  pressure  wave,  and 
only  one  in  the  first  wave.  The  phase  displacement  was  found  to  occur 
just  as  was  expected.  At  resonance  the  end  of  the  suction  stroke  coincided 
with  maximum  pressure  for  the  second  wave,  and  with  equilibrium  pres- 
sure in  the  case  of  the  first  wave ;  the  critical  number  of  revolutions  ac- 
cording to  botli  the  tests  and  calculations  is  twice  as  high  for  the  first  wave 
as  for  the  second.  The  waves  have  a  regular  appearance  and  have  small 
oscillations  only  during  suction  stroke  at  high  speeds,  produced  by  the 
fluttering  of  the  suction  valve. 

For  complete  data  of  these  experiments  see  Mitteilungen  iibcr  Forschungs- 
arbeiten,  Heft  106,  p.  27  ff. 

A  Study  of  Springs  (Etude  sur  les  ressorts,  P.  Brenier.  Bulletin  de  la  SociHe 
de  I' Industrie  Minerale,  April  and  May  1912.  103  pp.,  28  figs.  tA).  A  very 
interesting  theoretical  investigation  covering  the  following  points:  elastic  energy 
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which  can  be  absorbed  by  a  system  of  sohd  elastic  bodies;  flexibility  of  metal 
and  its  strains  generally  and  shearing  strains  particularly;  the  application  of 
the  former  to  the  study  of  volute  and  laminated  springs,  and  the  study  of  lamin- 
ated springs  which  can  be  practically  used  (the  last  as  an  antithesis  to  the  Phihpps 
and  Reuleaux  equations  for  the  design  of  laminated  springs  which,  the  author 
claims,  are  true  only  for  conditions  practically  never  met  with  in  actual  design) . 

Owing  to  lack  of  space,  only  the  conclusions,  including  the  main  formulae,  are 
given  here. 

The  number  of  kilogrammeters  (=7.216  ft-lb.)  absorbed  by  a  kg.  of  steel 

under  tension  or  compression  stress  is  equal  to  T  =  — z,  where  6  is  the  stress 

2  E 

in  kg.  per  sq.  mm.  (1  kg.  per  sq.  mm.  =  1422  lb.  per  sq.  in.),  E  coefficient  of  longi- 
tudinal elasticity  and  T  work  absorbed  per  unit  volume. 

The  number  of  kilogrammeters  absorbed  per  kg.  of  steel  under  shearing  stress 

is  T  =  — ^  where  G  is  the  coeflficient  of  rigidity,  so  that  when  the  stress  on  the 

2  G 
metal  is  80  kg.  per  sq.  mm.,  or  say  113,000  lb.  per  sq.  in.,  the  work  absorbed  by 
1  kg.  is  51.5  kg-m.  or,  in  American  units,  the  work  absorbed  per  lb.  of  steel  is 
167  ft-lb.    Only  half  of  this  amount  may  be  allowed  in  case  of  a  volute  spring 
with  round  spring  wires,  and  only  a  third  in  case  of  laminated  springs. 

The  deflection  of  a  single  coil  of  a  volute  spring  made  of  round  steel  wire  under 

J? 

8  PD 

t  = '  where  D  is  the  mean  diameter  of  the  coil,  and  d  the  diameter  of  the  wire. 

ird' 

Laminated  Springs.  A.  Study  of  a  given  type.  L  is  one-half  the  length  of 
the  developed  full-length  plate;  I  one-half  the  length  of  the  full  thickness  part  of 
the  small  plate,  or  one-half  the  length  of  the  small  plate  without  staging;  n 
number  of  plates  in  spring;  q  number  of  plates  at  the  end  of  spring;  b  width  of 
plates;  h  thickness  of  plates;  2Q  load  applied  in  the  middle  of  spring;  E  co- 
efficient of  elasticity  (20,000  kg.  per  sq.  mm.  or  28,500,000  lb.  per  sq.  in.). 
Deflection  under  load  2Q  is 

12QL 
Enbh 


a  load  of  100  kg.   (220  lb.)  is/ =  0.1—,   and   the   stress   under   a   load 


/^,=  ^r^^r [1] 


where  C  is  a  coefficient  depending  on  -  and  -,  its  value  being  given  by  a  table 

L  n 

in  the  text.    If  all  the  plates  are  not  of  the  same  thickness,  the  thickness  of  any 

one  of  them  is  taken  for  h,  and  then  the  value  n'  for  each  plate  of  thickness  h'  is 

determined  from  the  formula  h'^=n'h*,  and  the  values  for  n'  for  all  the  plates 

added  together.    The  same  is  done  to  determine  q.    The  values  in  the  table  were 

calculated  by  means  of  a  sUde  rule,  and  are  exact  only  to  the  second  decimal  place, 

which  is  sufficient  considering  other  approximate  values  used  in  the  equations, 

and  especially  the  uncertainty  as  to  the  value  of  E.    Formula  [1]  is  based  on  the 

assumption  that  the  sum  of  the  moments  of  inertia  of  all  the  plates  is  a  linear 

function  of  the  distance  from  the  middle  of  the  spring  in  the  interval  IL.     The 

article  gives  a  method  for  determining  the  deflection  when  this  is  not  the  case. 
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The  stress  under  the  load  2Q  is 

nbh^ 
If  all  the  plates  are  not  of  the  same  thickness,  the  stress  in  the  p  plate  is 

where  Cp  is  the  thickness  of  the  plate  (it  is  well  to  take  the  thickest  plate),  and 
Zip  is  the  sum  of  the  moments  of  inertia  of  all  the  plates. 

Maximum  shearing  stress  =  — —  and  is  located  at  the  end  of  the  uppermost 

Sip 
1 

plate. 

Rational  Determination  of  the  Elements  of  a  Laminated  Spring.     Staging  cor- 
responding to  the  k  plate  is 


\pp    pj 


Sip    -L_t 

'       \Pp     P. 

where   —  is  the  initial  bending  of  the  plate,  and     its  bending  under  maximum 

Pp  P 

load.    The  successive  thicknesses  of  the  plates  are  determined  by  the  formula 

\pp    PI    ^ 
where  t  is  the  maximum  testing  stress.    The  maximum  stress  allowable  in  actual 
service  is  about  one-half  of  that. 


Pumps  and  Hoisting  Machinery 

A  New  Device  foe  Raising  Liquids  {Eine  neue  Fdrdereinrichtung  fiir 
FlUssigkeiten,  O.  B.  Prometheus,  June  15,  1912.  2  pp..  4  figs.  d).  Descrip- 
tion, based  on  an  article  in  the  French  periodical  La  Natia'c,  of  a  pump 
designed  by  the  French  engineer  Bessouet-Favre,  and  consisting  of  a  closely 
wound  spiral  with  a  chain  inside  (Fig.  7).  When  the  pump  which  is,  as 
shown  in  B,  arranged  in  the  form  of  an  endless  chain,  travels  through  a 
liquid,  the  latter,  through  the  action  of  capillary  forces  as  well  as  direct 
adhesion,  sticks  between  the  coils  of  the  spiral,  and  the  spiral  on  one  hand 
and  the  chain  on  the  other,  and  is  carried  away  with  the  chain.  Theoret- 
ically it  can  be  carried  to  any  height  or  distance  as  long  as  It  is  not  sub- 
jected to  shocks ;  practically  this  arrangement  has  been  used  successfully 
in  wells  40  m  (131.2  ft.)  deep.  The  amount  of  the  liquid  carried  away  by 
the  chain  depends  of  course  primarily  on  the  proper  dimensioning  of  the 
parts.  When  the  chain  reaches  the  top  it  is  carried  at  a  considerable  speed 
over  a  circular  pulley,  and  the  liquid  is  thrown  off  by  the  action  of  the 
centrifugal  force.  The  pump  is  extremely  simple,  takes  very  little  room, 
is  easily  cleaned,  ea.sily  handled,  and  is  said  to  be  unaffected  by  cold.  It 
is  stated  that  with  a  hand-driven  pump  3600  1.  (say  950  gal.)  of  water  per 
hour  were  raised  11  m.  (36  ft.).  With  a  double  chain  of  40  mm.  (1.57  in.) 
in  diameter  a  woman  raised  4000  1.  (say  1050  gal.)  of  water  8  m.  (26  ft.) 
in  1  hour.    The  article  does  not  give  more  exact  data  of  tests. 
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Valveless  Pump  Bavaria  {Ventlllose  Pumpe  "Bavaria."  Der  Praktische 
Maschiiiov-Konstntktcur,  June  G,  1912.  1/2  p..  3  liRS.  (/.).  Description  of 
the  valvoless  i)imii)  Havariii  ret-ently  placod  on  I  ho  inarlcot  by  tlie  Mollcerei- 


FiG.  7     Bessonet-Favbe  Chain  Pump 


Fig.  S     Valveless  Pump  Bavakia 


macliinenfabrili  Gebrlider  Bayer  iu  Augsburg,  Germany.  Tlie  peculiarity  of 
the  consti-uctlon  of  this  pump  consists  in  tluit  the  suction  and  compression 
action  is  due  to  the  rotation  of  the  piston  at  b  (Fig.  8  A),  while  the  place 
of  valves  is  taken  by  suitably  arranged  slots  in  that  piston  (B).    There  are 
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therefore  neither  slide  valves  nor  poppet  valves,  ihut  just  a  cylinder  and  a 
piston.    This  pump  is  said  to  be  \ery  convenient  for  handling  thick  liquids. 

Coefficient  of  Safety  of  Winding  Rope  (Dcr  Sicherheitsfaktor  der 
Schachtforderseih\  Fr.  Herbst.  Gliickauf,  June  8,  1912.  11  pp.,  6  figs.  t). 
The  author  discusses  the  question  of  coefficient  of  safety  of  winding  ropes 
in  mines,  mainly  with  a  view  to  the  existing  German  regulations,  and  at- 
tempts to  show  that  under  existing  conditions  a  "  coefficient "  of  safety,  i.  e. 
something  to  multiply  by  the  breaking  strength  values,  is  unsatisfactory, 
and  that  a  "  margin  of  safety,"  such  as  was  proposed  by  the  Transvaal 
Commission  on  Cableways  of  1906  is  preferable.  He  points  out  that  with 
the  present  (German)  system  of  coefficients  of  safety  the  weight  of  the 
rope  increases  much  faster  than  the  depth  of  haulage  and  load,  and  that 
probably  more  accidents  are  due  to  this  great  increase  in  the  weight  of  the 
hauling  rope  than  are  prevented  by  the  high  coefficients  of  safety.  He  rec- 
ommends therefore  the  introduction  of  ropes  ix)ssessing  higher  breaking 
strength,  and  the  admission  of  lower  coefficients  of  safety  for  very  deep 
haulage. 

Twei-ve-Stages,  High-Pbessuke,  "  Involute  "  Pump  (Zwelfstiifige  Hoch- 
druck-EvoIventenpumpe.  Der  praktischc  Ma^schinen-Konstrukteur,  June  6, 
1912.  1/2  p.,  3  figs.  d).  Very  brief  description  of  some  constructive  de- 
tails, but  not  method  of  working,  of  a  pump  said  to  be  constructed  on  a 
new  principle  of  which  the  exposition  is  promised  to  appear  in  one  of  the 
following  issues  of  the  paper.  An  abstract  will  then  be  given  in  this  Re- 
view.   This  entire  issue  is  devoted  to  description  of  pumps  and  blowers. 

Steam  Engineering 

Simplified  Steam  Engines,  M.  Lunet  System  (Machines  il  vapeur  sim,' 
plifi^es,  syst^me  M.  Lunet,  M.  Lunet.  La  Technique  moderne,  June  15, 
1912.  2  pp.,  7  figs.  d).  Description  of  the  Lunet  steam  engines,  single 
acting  and  double  acting,  with  steam  distribution  by  means  of  the  piston 
and  fixed  expansion.  The  admission  of  steam  on  both  sides  of  the  piston  Is 
effected  at  the  top  by  means  of  an  extension  of  the  piston  rod  and  from 
the  bottom  by  a  distributor  of  a  similar  kind  formed  in  a  thickened  part 
of  the  same  piston  rod.  The  steam  escapes  through  a  number  of  orifices 
placed  horizontally  in  the  middle  part  of  the  cylinder,  and  uncovered  by 
the  piston  a  little  before  it  arrives  at  the  upper  and  lower  dead  points. 
The  machine  has  been  tested,  but  the  article  does  not  give  any  precise 
data  of  tests,  but  the  author,  who  is  also  its  inventor,  claims  for  it  a  very 
high  efficiency. 

Steinmulleb  Water  Softening  Apparatus  (Lpuratcur  Steinmiiller. 
Electro,  May  1912,  3  pp.,  10  figs.  d).  Description  of  the  Steinmiiller  water 
softening  apparatus  using  the  lime  and  soda  process. 

Use  of  Steam  Turbines  in  Mine  Haulage  Plants  (Die  Verwendung 
der  Dampfturbinen  bei  Hauptschachtforderanlagen,  E.  Blau.  Dinglers 
polytechnisches  Journal,  June  22,  1912.  5  pp.,  9  figs.  d).  Neither  the  Ilgner 
system  of  haulage  plants,   nor  the  plants  with  direct-current  motors  and 
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Leouai'd  system  of  speed  regulaLioii  proved  to  be  entirely  satisfactory  and 
eoonomic.  Brown,  Boveri  &  Co.  attempted  therefore  to  introduce  the  tur- 
bine as  prime  mover  for  hauhige  phints.  The  turbines,  besides  being  sim- 
ple, cheap,  absolutely  reliable  in  operation,  economic,  and  perfectly  gov- 
ernable, may.  if  provided  with  a  special  automatic  by-pass  valve,  be  ar- 
ranged so  as  to  be  able  to  take  care  of  peak  loads.  The  article  describes 
two  types  of  such  valves,  both  entirely  independent  of  the  turbine  gover- 
nor, as  well  as  two  tj'pes  of  turbines,  one  a  combined  turbine  and  the  other 
for  power  production  with  part  of  the  steam  diverted  for  heating  pur- 
poses. 

The  New  Construction  of  the  Niclausse  Boiler  (Die  neuc  Bauart 
des  ^' ielaussc-Kessels,  F.  Geiseler.  Zeits.  des  Vereines  deutschcr  Ingcnieure, 
May  IS,  1912.  4  pp.,  18  figs.  d).  The  Niclausse  boiler  is  not  new  in  itself, 
but  the  article  describes  a  type  lately  designed  to  meet  the  requirements  of 
the  French  Navy,  and  containing  many  important  departures  from  the  older 
tjpe. 

As  in  other  water  tube  boilers,  the  most  frequent  cases  of  bent  and 
broken  tubes  occuri'ed  among  the  lower  tubes  which  are  most  strongly  ex- 
posed to  the  action  of  the  fire.  To  obviate  this,  the  following  modifications 
are  introduced  in  the  new  type  of  the  Niclausse  boiler:  the  vertical  head- 
ers are  divided  into  two  parts  (Fig.  9  A)  by  the  partition  a  which  cuts 
off  the  front  feedwater  passage  at  about  1/3  of  the  height  of  the  header 
(counting  from  the  bottom  up).  A  second  partition  b  is  installed  in  the 
upper  drum ;  it  is  an  extension  of  the  partitions  of  the  headers,  extends 
far  over  the  normal  water  level  nearly  up  to  the  beginning  of  the  steam 
dome,  and  divides  the  upper  drum  longitudinally  into  two  separate  parts, 
with  no  connection  between.  The  feedwater  is  introduced  Into  the  front 
part  of  the  upper  drum,  falls  in  the  form  of  a  rain  in  the  condensing  space 
c  where  owing  to  the  sudden  rise  of  temperature  it  begins  to  get  rid  of 
its  impurities.  It  then  passes  into  the  front  port  of  the  header,  flows  on 
until  it  reaches  the  partition  a,  and  is  deflected  through  the  inner  circula- 
tion tubes  into  the  upper  nest  of  boiler  tubes,  where  it  is  heated  up  to  the 
required  temperature.  It  is  then  partly  evaporated  and  freed  of  all  im- 
purities. The  free  space  between  the  upper  and  lower  nests  of  tubes  is 
occupied  by  the  superheater.  The  water  having  now  a  temperature  of 
about  200  deg.  cent.  (392  deg.  fahr.)  flows  through  the  back  port  of  the 
header  into  the  back  part  of  the  upper  drum  (A)  whence  it  passes,  through 
the  cavity  d  in  the  partition  6  (see  B  and  D),  into  the  front  port  of  the 
back  header  (B)  which  is  not  providetl  with  partitions  like  the  headers  in 
A.  In  large  boilers  there  is  one  back  header,  as  in  B,  for  each  five  head- 
ers with  partitions  as  in  A.  The  water  now  feeds  all  tubes,  upper  and 
lower,  in  B,  flows  through  ei  into  the  horizontal  connecting  chamber  e,  and 
thence  through  d  into  the  lower  part  of  the  header  of  A,  feeding  the  lower 
tubes  which  were  at  the  start  of  the  circulation  cut  off  by  the  partition  a. 
The  water  thus  flows  through  all  the  tubes  of  the  lower  rows,  and  is  very 
easily  evaporated  since  it  already  reaches  these  tubes  with  a  temperature 
of  200  deg.  cent.  (392  deg.  fahr.).  C  shows  a  boildr  with  five  headers,  with 
the  back  header  in  the  middle,  the  first  section  of  this  unit  being  repro- 
duced in  A. 
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At  the  tests  of  the  experimental  boiler  constructed  by  the  Company  in 
1910  it  was  found  that  the  lower  tubes  were  nearly  absolutely  clean  while 
the  tubes  of  the  upper  rows  were  full  of  deposits,  but  since  only  the  lower 
tubes  are  exposed  to  the  fire,  while  the  upper  rows  are  heated  by  com- 
paratively cold  gases,  the  problem  of  keeping  the  tubes  exposed  to  the 
greatest  heat  free  of  deposits  was  considered  to  be  solved  successfully. 


Fig.   9     Niclausse  Water  Tube  Boiler 


E  shows  the  arrangement  for  testing  the  boilers  with  oil  firing.  The 
l)nrpose  of  this  test  was  to  find  out  whether  the  substitution  of  the  back 
headers  for  the  external  dowucomers  did  not  interfere  with  the  circulation 
of  water  (the  tests  have  shown  that  it  did  not),  and  whether  the  fire  did 
not  destroy  the  grate  too  quickly.  After  a  3%-hour  test  first  with  coal,  and 
then  oil  firing,  the  boiler  was  sealed,  and  next  day  taken  apart :  the  tubes 
were  found  to  be  clean  and  straight  and  the  grate  in  good  condition. 
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F  shows  the  latest  design  of  the  Nic-luusse  superheater,  such  as  is  iu- 
serted  between  the  upper  and  lower  rows  of  tubes.  The  holes  in  the  part 
where  there  are  no  tubes  are  protected  by  nipples;  in  some  of  the  boilers 
with  superheaters  no  holes  are  made  in  the  middle  part  of  the  wrought 
iron  header,  so  that  there  arc  no  nipples  required.  The  Niclausse  arrange- 
ment is  claimed  to  be  very  convcnit'ut  because  the  superheater  is  protected 
from  the  direct  action  of  tlie  tire  by  the  whole  lower  nest  of  tubes.  Since 
further  it  is  directly  connected  with  the  boiler,  and  forms  practically  a  sin- 
gle unit  with  it,  it  adapts  itself  automatically  to  all  the  fluctuations  of 
service,  and  is  said  to  make  the  superheating  extremely  uniform. 

The  article  describes  some  auxiliary  appliances,  such  as  tube  cleaners, 
brushes,  etc. 

A  Device  fob  I»revention  of  Flywheel  Explosions  (Eine  Einrich- 
tung  zur  Verhiltung  von  Schwangrad-Explosionen,  Prometheus,  May 
25,  1912.  114  pp.,  3  figs.  d).  Description  of  a  device  for  the  prevention 
of  bursting  of  a  flywheel  owiug  to  excessive  si>eed,  manufactured  by  C.  A. 
Callm  in  Halle  a.d.S.,  Germany.  It  is  claimed  that  this  device  is  entirely 
independent  in  its  operation  of  both  the  flywheel  and  governor ;  may  be 
adjusted  for  any  desired  maximum  speed  and  tested  as  to  its  proper  work- 
ing whenever  desired  by  simple  means,  and  that  it  may  be  considered  as 
particularly  reliable  because  it  has  practically  no  parts  which  could  get 
jammed  at  the  wrong  time,  and  because  it  does  not  begin  to  act  when  the 
flywheel  exceeds  the  set  speed,  but  is  in  operation  all  the  time  that  the 
engine  is  running.  Fig.  10,  A  and  B,  show  the  longitudinal  and  cross- 
sections  of  the  apparatus.  In  the  cylinder  of  the  air  pump  a  moves  up  and 
down  the  piston  &  driven  by  the  rod  c  from  some  reciprocating  part  of  the 
engine.  At  the  side  of  cylinder  a  is  located  the  valve  chest  d,  with  an  ad- 
justable opening  e  provided  with  the  bolt  m  at  the  top,  and  check  valve  f 
lower  down.  The  air  enters  through  e  during  the  forward  stroke  of  the 
piston  6,  and  escapes  in  the  same  way  during  the  backward  stroke.  For 
starting,  the  size  of  the  opening  e  is  so  adjusted  that  no  more  air  can  enter 
into  the  cylinder  than  can  escape  during  the  back  stroke  without  com- 
pression. When  the  piston  begins  to  move  faster  in  accordance  with  the 
higher  speed  of  the  engine,  the  opening  e  is  no  longer  suflicient  for  ad- 
mitting the  air,  and  the  check-valve  /  begins  to  co-operate  with  it.  But 
this  valve  closes  during  the  backward  stroke  of  the  cylinder,  and  since 
only  the  opening  e  is  left  to  let  the  air  out,  the  air  is  compressed  in  the  cyl- 
inder. This  air  pressure  acts  on  the  piston  g  loosely  held  at  the  end  of  the 
cylinder  by  a  spring  so  that  the  piston  moves  forward  and,  by  means  of 
the  setting  screw  /t  and  lever  i  depresses  the  handle  c  and  thereby  sets 
free  the  pawl  k  connected  by  a  wire  cable  with  a  throttle  valve  in  the 
steam  supply  main.  Usually  this  valve  (or  an  organ  corresponding  to  it) 
is  kept  open,  but  when  the  pawl  k  becomes  free,  the  valve  automatically 
closes  and  cuts  off  the  supply  of  steam  to  the  engine,  thus  protecting  the 
flywheel  from  the  danger  of  bursting.  The  proper  working  of  the  appa- 
ratus may  be  tested  simply  by  closing  with  a  finger  the  opening  e,  which 
should  produce  immediately  the  displacement  of  the  ])awl  k.  The  appa- 
ratus is  said  to  be  very  sensitive. 
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Influence  of  Cracks  on  the  Stability  of  Chimneys  (Der  Ebifiuss^  von 
Rissen  nu{  die  Staiidsichrrkeit  der  8chortif<teiiir,  Zcits.  fiir  Dampfkessel 
und  Maschincnhctrieh,  June  7  and  21.  1912.  G  pp..  1?>  figs.  p).  Report  of 
a  paper  on  the  influence  of  cracks  on  the  stability  of  chimneys  read  by 
engineer  Pietzsch  before  the  International  Association  of  the  Societies  for 
Boiler  Inspection  at  a  meeting  in  Konstanz. 

The  influence  of  cracks  may  be  at  first  investigated  in  the  case  of  a 
structure  of  solid  square  cross-section,  that  being  the  simplest  case  as  far 
as  calculation  is  concerned.  In  Fig.  11  (A  and  B)  let  D  be  a  side  of  the 
square,  and  let  the  bending  moment  due  to  wind  pressure  produce  an  ec- 
cputi-ic  displacement  e  of  the  weight  of  the  chimney  O  within  that  cross- 


Fio.  10     C.  A.  Callm  Device  for  Prevention  of  Flywheel  Explosions 


< 
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section.    Then,  if  ^     -^  <  tlie  stress  diagram  will  t;ike  the  f(,)rm  of  a  wedge 
with  an  urea  equal  to  G,  wlience: 

3ci>0-mai       ^  ,  2G 

=G,  and  o-max  =  — ^^  ^  =  3c 

2  3cD 

Here  s  is  the  distance  of  the  most  compressed  fiber  from  the  neutral  axis ; 
c  the  distance  of  the  center  of  gravity  of  the  wedge  from  the  most  stressed 

D 

edge ;  the  equation  e+c=  —  holds  good  between  e  and  c. 

If  we  assume  that  the  chimney  has  been  cracked  in  the  middle,  we  will 
be  near  the  truth  in  assuming  further  that  each  part  will  henceforward 
carry  one-half  of  the  wind  pressure,  so  that  the  bending  moment  due  to  the 

G      O 

wind  pressure  O  will  become   -  c+    c     If  then  in  the  case  of  a  chimney 

D  D 

free  of  cracks  c=    or  e=        in  a  chimney  with  cracks  e  must  still  be  equal 
3  6 ' 
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to    ^     and  (here  remains  only        for  c  Fip.  12  (C  and  D).     Since   however, 
6'  12 

D  2G 

for  o=      <T  i.i.x  =      for  a  chimney  free  of  cracks,  it   l)ecomes,  according  to 


Fig.  II   (('  and  D)  for  a  chimney 


with  cracks   /  c=     ^  \ 


2G 
2       4G 


3D 
12 
i.e.,  the  maximum  edge  pressure  is  twice  as  great  as  in  the  case  of  a  chim- 
ney without  craclis. 

If  the  crack  does  not  appear  in  the  middle  of  the  cross-section,  but 
eccentrically,  the  same  reasoning  holds  good ;  the  bending  moment  due  to 
wind  pressure  is  distributed  in  proportion  to  the  weight  of  the  parts,  with 
the   result   that   the    smaller   part    may    be   subjected    to    infinitely    large 
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Fig.   U     Distribution  of  Strbsses  in  a^Chimney  Cross-Section 


stresses  even  while  the  eccentricity  is  comparatively  small.  Practically, 
however,  while  the  elastic  deformation  of  the  smaller  part  is  proportion- 
ately greater,  the  larger  part  takes  care  of  the  greater  part  of  the  bending 
moment. 

In  principle  all  these  considerations,  though  actually  deduced  for  a  solid 
rectangular  cross-section,  are  applicable  with  some  modifications  to  hollow 
rectangular  and  annular  cross-sections,  the  actual  work  of  calculation  be- 
ing, of  course,  considerably  more  difficult.  One  thing,  however,  is  certain, 
and  that  is  that  as  far  as  being  injured  by  cracks,  the  solid  rectangular 
cross-section  is  the  safest,  and  that  chimneys  of  actual  cross-sections  are 
the  more  endangered  by  cracks,  the  more  their  cross-section  differs  from 
the  solid  rectangle. 

Practically  the  danger  from  cracks  is  somewhat  less  than  would  appear 
from  the  preceding  theoretical  considerations,  because  we  never  have  to  do 
with  smooth  cracks  passing  clear  through  the  wall  of  the  chimney,  and 
forming  smooth  surfaces  of  rupture  offering  to  each  other  no  material 
irictional  resistance.  Actually  the  construction  is  such  that  the  surfaces 
of  partition  interlock,  and  offer  a  very  considerable  resistance  to  the  dis- 
placement of  separate  parts.  In  most  cases  therefore  it  is  enough  to  put 
an  iron  ring  on  a  cracked  chimney  to  naake  it  sufficiently  safe. 
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The  author  (luotes  the  following  among  causes  of  the  formation  of 
cracks:  (o)  errors  in  design  (weak  construction)  ;  (&)  poor  workmanship; 
hasty  construction ;  unfavorable  weather  during  construction,  etc. ;  (c) 
stresses  due  to  thermal  expansion;  (d)  weak  foundations;  (c)  destruction 
of  the  brickwork  bond,  from  outside  by  weathering,  and  from  inside  by 
the  action  of  acid  gases;  (/)  poor  materials;  (g)  explosions  of  gases  in  the 
smoke  passages.  The  second  part  of  the  article  contains  data  on  the  gov- 
ernmental regulations  for  the  erection  of  chimneys  in  Austria,  Prussia, 
Saxony  and  Baden,  and  a  comparison  of  the  Austrian  and  Prussian  types. 

Strength  of  Materials  and  Materials 

Mlthods  of  Testing  of  Materials  and  Testing  Machines  Used  by 
THE  G.  Dekihon  Company  {MatcrlaJiiviifangsmetlwdeyi  iind  Materialpriif- 
iingsmaschmen  der  G.  DcrUwii^Gcsellschaft,  E.  Valentin.  Der  Motor- 
wagen.  May  20,  1912.  5  pp.  36  figs.,  and  2  sheets  of  figs.  d).  The  G.  Deri- 
lion  Companj^  at  Loucin,  Belgium,  used  to  make  forgings  for  factories  of 
weapons,  door  locks  and  railway  supplies.  Later  on  it  began  to  make 
forgings  for  automobiles,  and  was  so  swamped  with  orders  from  every 
part  of  the  world  that  it  had  to  give  up  all  other  work,  and  besides  build 
a  second  factory  in  France.  The  author  ascribes  the  success  of  the 
forgings  made  by  the  G.  Derihon  Company  to  their  methods  of  testing, 
which  gives  a  hitherto  unsurpassed  certainty  as  to  the  quality  of  each 
piece  which  leaves  the  factory.  Briefly  stated,  the  Derihon  system  con- 
sists in  carefully  testing  the  raw  material  when  received  from  the  factory, 
and  again  in  manufacture.  A  test  piece  is  taken  from  each  piece  out  of 
which  an  automobile  part  is  forged,  carefully  tested,  and  forwarded  to  the 
automobile  factory  together  with  the  part  ordered  and  data  sheet  of  test. 
Thus,  when  sending  out  an  order  of  28  steering  levers,  the  company  ac- 
companies it  with  a  list  of  28  tests;  this  increases  the  cost  per  lever  hy 
approximately  5  cents,  but  gives  an  absolute  certainty  that  the  piece  will 
stand  as  much  as  it  is  expected  to.  The  article  describes  in  detail  the  or- 
gan;/.;: tion  of  the  testing  department,  methods  and  machines  used.  (Cp. 
Automobile,  July  4,  1912.) 

On  New  Methods  of  Mechanical  Tests  of  Metals  {Etude  sur  Ics 
nouvelles  inMhodes  d'essais  m^caniques  dcs  m6taux,  R.  Ouillery.  Revue 
dc  mMallurgic,  June,  1912.  29  pp.  21  figs,  d) .  Description  of  the  author's 
methods  and  apparatus  for  testing  the  hardness,  elastic  limit  and  resilience 
of  metals. 

The  Variations  in  the  x\coustic  Properties  of  Steel  with  Changes 
OF  Temperature  {Variations  sonores  dcs  aciers  en  fonctioti  de  leur  tem- 
perature, Felix  Robin.  Revue  de  m^tallurgie,  June,  1912.  56  pp.,  45  figs. 
etA.)  French  translation  of  the  work  printed  under  the  same  title  in  the 
Carnegie  Scholarship  Memoirs  of  the  Iron  and  Steel  Institute,  vol.  3.  1911. 
p.  125  ff. 

Strength  of  Rolled  Flanged  Joints  Against  Stripping  Off  {Wider- 
stands  fall  igkeit  von  Flanschenverhindungen  die  durxh  Einwalzcn  hcfestigt 
sind.  qegca  Ahstreifen,  Professor  Baumann.     Zcits.   dcs  Bayerischen  Revi- 
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s'Kj'fis  Vcrcins,  Xos.  7  and  S,  lUlli,  through  Zc'/<«  fiir  Dainpfkcssel  und 
Maschinenbetrieh,  June  7,  1912.  e).  Tests  have  shown  that  rolling  is  a 
sufficiently  reliable  way  of  fixing  flanged  joints.  The  resistance  against 
■stripping  off  proved  to  be  so  great  that  the  joint  was  stripped  off  only  at 
a  pressure  far  exceeding  the  safe  limit  for  the  \Valls  of  the  pipe.  The 
wurk  of  fixing  the  joint  must,  however,  be  done  well,  as  ought  always  to  be 
the  case  with  piping  for  steam.  The  tests  have  not  proved  the  correctness 
of  the  usual  assertion  that  steel  flanges  make  a  stronger  unit  with  the  pipe 
than  wrought  iron  flanges,  but  have  indicated  the  advisability  of  using  ap- 
propriate tough  material  for  flanges. 

On  the  Use  of  Metals  in  the  Constkuction  of  Steam  Turbines  (De 
Vcinploi  des  metaiix  dans  la  construction  des  turbines  a  vapeur,  P.  Breuil. 
La  Technique  moderne,  June  1.  1912.  5  pp.  c).  Discussion  of  the  problem 
of  metals  used  in  turbine  construction  for  blades  and  labyrinth  packing, 
containing  a  synopsis  of  the  information  found  in  technical  literature, 
data  obtained  from  manufacturers,  and  the  author's  own  considerations. 
Only  data  referring  to  Continental  European  practice  will  be  quoted  liere. 

For  turbine  blades  Zoelly  uses  steel  with  5  per  cent  nickel.  Brown- 
Boveri,  who  use  a  large  number  of  stages,  with  small  falls  of  pressure, 
and  consequently  small  velocities  of  steam,  use  a  special  bronze  witli  a 
coefficient  of  safety  of  15  to  20;  the  blades  do  not  appear  to  be  subject  to 
wear.  The  German  General  Electric  Company,  which  manufactures  Curtis 
turbines,  makes  tlie  blades  out  of  a  special  bronze  or  of  steel  with  a  high 
percent.ige  of  nickel,  with  caulking  of  a  softer  metal.  Rateau,  after  un- 
successful experimenting  with  steel  with  25  per  cent  nickel,  uses  now 
steel  with  5  per  cent  nickel,  while  Rey,  of  Harl§  &  Cie,  prefers  steel  with 
32  per  cent  nickel. 

Inquiries  from  various  French  manufacturers  of  special  steel  have 
shown  a  great  diversity  of  opinion  as  to  the  contents  of  nickel,  but  it  does 
not  appear  to  the  author  that  any  one  of  them  knows  just  what  influence 
more  or  less  nickel  in  the  steel  will  have  on  the  behavior  of  the  metal  in 
a  turbine  hlade.  Table  (1)  gives  a  resume  of  the  data  which  the  author 
collected  with  respect  to  bronzes.  Of  these  the  composition  is  given  only 
for  the  "  Durana "  bronzes  manufactured  by  the  Diirener  Metallwerke, 
Diiren,  Germany,  viz. :  the  first  kind  72  per  cent  copper  and  28  per  cent 
pure  zinc,  and  the  second  kind  85  per  cent  copper  and  15  per  cent  manga- 
nese. The  composition  of  the  Monel  metal  is  given  as  70  per  cent  nickel,  29 
per  cent  copper  and  1  per  cent  iron.  Like  other  bronzes,  the  Monel  metal 
softens  considerably  at  temperatures  above  300  deg.  cent.  (572  deg.  fahr.) 
and  has  a  relatively  low  elastic  limit,  but  has  the  advantage  of  being  little 
subject  to  corrosion. 

The  author  calls  attention  to  the  fact  that  on  the  side  of  the  admission 
of  steam  the  first  blades  work  in  high  temperatures,  with  steam  at  great 
velocities  and  dry ;  the  blades  further  back  are  subject  to  lower  tempera- 
tures and  lower  velocities  of  steam,  but  the  steam  is  wet,  and  there  is 
besides  the  friction  of  mineral  particles  carried  away  by  the  steam.  The 
guide  blades  are  stationary,  and  are  not  subject  to  the  action  of  centrifugal 
forces  like  the  rotor  blades.     It  appears  therefore  that  different  metals 
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ought  to  be  used  for  each  of  these  three  classes  of  blades,  but  in  all  cases 
the  uietal  used  must  possess  great  resistance  to  chemical  and  mechanical 
corrosion,  and  be  easily  machined  by  ordinary  shop  processes.  As  to  chem- 
ical corrosion  of  metals  by  hot  steam  there  are  practically  no  reliable 
(lata.  From  investigations  of  the  action  of  salt  water  on  metals  it  would 
appear  that  aluminum  and  manganese  bronzes  and  Monel  metal  would 
give  good  results,  but  it  is  quite  possible  that  chemical  corrosion  is  alto- 

TABLE  1     STRENGTH  OF  METALS  USED  IN  TURBINE  CONSTRUCTION 


gether  very  slight  as  compared  with  physical,  and  the  material  used  ought 
to  be  chosen  on  the  basis  of  resistance  to  the  latter,  with  respect  to  which 
nickel  steel  appears  to  have  very  high  qualities  with  its  breaking  strength 
of  60  kg.  (80,000  lb.  per  sq.  in.),  elastic  limit  of  40  kg.  (57,000  lb.  per  sq. 
in.),  hardness  ISO,  and  elongation  20  to  22  per  cent.  It  is  moreover  nat- 
urally hard,  not  brittle,  and  comparatively  cheap.  There  are  no  data  as  to 
its  probable  behavior  at  high  temperatures,  but  having  a  low  percentage  of 
nickel  it  would  probably   behave  like  other  steel,   and   would   reach   the 
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minimum  of  its  elastic  limit  uud  elougulion  at  about  300  (leg.  cent.  (572 
deg.  fahr.),  without,  however,  becoming  brittle.  Wickers  Maxim  make 
their  turbine  blades  of  laminated  bars  with  a  steel  core  and  nickel  surface, 
the  nickel  layer  being  only  a  fraction  o\  a  millinieter  thick. 

Miscellanea 

iSrOiNK  liHKAKKK  lOK  Ma(ai)am  Uoads  (Coucasseur  h  macadam,  P.  B. 
rortefeuille  economique  des  machines,  June  1912.  2  pp.,  4  figs.,  and  2  plates 
of  drawings,  d).  Description  of  the  J.  B.  Aillot  stone  breaker  for  use  in 
building  macadam  roads,  to  be  driven  by  a  steam  locomobile.  It  does  not 
break  the  stone  exclusively  by  crushing  but  also  by  slugging,  for  which 
purpose  the  jaws  of  the  breaker  are  provided  with  staggered  slugger  knobs 
of  extra  hard  and  tempered  steel.  These  knobs  are  not  all  of  the  same 
length,  but  long  knobs  on  one  jaw  are  placed  opposite  short  knobs  on  the 
other.  As  a  result,  a  stone  held  against  two  knobs  on  one  side  is  broken 
by  the  pressure  in  the  middle  of  the  stone  by  the  knob  on  the  other  jaw. 
Further  all  the  knobs  are  so  arranged  that  the  stone,  after  having  been 
broken  by  one  set  of  knobs,  turns  around  and  falls  upon  a  set  of  knobs  just 
below,  where  it  is  struck  in  a  direction  normal  to  the  first.  The  apparatus 
is  claimed  to  have  given  veiy  satisfactory  service. 

Clbianing  of  Blast  Furnace  Gases  {Uepuration  des  gas  de  hauts  four- 
neaux,  C.  Herwegh.  SociHe  Inditstrielle  de  VEst,  May  1912.  13  pp.,  8 
figs.  gd).  A  general  talk  on  cleaning  blast  furnace  gases,  with  an  illus- 
trated description  of  the  Feld  system. 

Non-Retubn  VAiVE  FOR  ACETYLENE  LIGHTING  (Riickschlagsventil  fiir 
Acetylenbeleuchtung,  A.  J.  Zeits.  fiir  ElektrotechniJc  und  MaschmenhOAi, 
June  5,  1912.  1/2  p.,  2  figs.  d).  The  construction  of  this  valve  Is  based  on 
the  same  principle  as  that  of  the  Davy  safety  lamp,  viz.  that  a  flame  will 
not  ignite  a  gas  through  a  fine  mesh  metal  screen,  unless  the  screen  itself 
is  sufficiently  hot.  The  valve  consists  of  a  casing  with  two  fine  mesh  screens 
placed  in  the  path  of  the  gas.  The  screens  are  either  made  of  double  wire 
cloth,  or  of  single  wire  cloth,  but  with  the  space  between  tlie  screens  filled 
with  asljestos  or  some  similar  substance,  which  both  increases  the  resist- 
ance of  the  valve  to  backfiring,  and  helps  mechanically  to  clean  the  acety- 
lene. The  dimensions  of  the  valve  have  to  be  generous  enough  to  permit  a 
free  flow  of  gas,  notwithstanding  the  presence  of  the  screens  and  auxiliary 
substances. 
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The  Society  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium  of  securing 
better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention  and  is  most 
anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are  not  repeated 
except  upon  special  request.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month. 
The  list  of  men  available  is  made  up  of  members  of  the  Society,  and  these  are  on  file  in  the  Society 
office,  together  with  names  of  other  good  men  not  members  of  the  Society,  who  are  capable  of  filling 
responsible  positions.     Information  will  be  sent  upon  application. 

POSITIONS    AVAILABLE 

()18;>  Young  technical  graduate  with  hrains,  energy  and  means  wanted,  to 
associate  himself  in  an  offlcial  position  with  a  company  recently  formed 
to  develop  and  extend  the  sale  of  automatic  machines  and  otiier  labor- 
saving  devices,  under  extensive  and  broad  patents.  The  fields  to  be  oper- 
ated are  the  mailing  departments  of  all  businesses  and  wherever  commodi- 
ties are  handled  in  sacks.     Shop  in  Philadelphia. 

0184  Technical  graduate  with  from  two  to  five  years'  practical  experi- 
ence, preferably  foundry  and  machhie-sliop  practice,  to  fill  the  position  of 
draftsman  and  assistant  sales  engineer  for  a  foundry  and  machine  shop  in 
Montana. 

0185  Assistant  in  department  of  mechanical  engineering  of  university 
in  middle  west,  to  teach  machine  design,  including  steam  and  gas  engines 
and  steam  turbine  design.  Some  experience  in  teaching  preference,  but  not 
the  most  essential  qualification.     Apply  through  Am.  Soc.  M.  E. 

0186  Head  of  department  of  mechanical  engineering  in  strong  and  rap- 
idly growing  state  college,  eastern  location.     Apply  through  Am.  Soc.  M.  E. 

0187  Young  engineer,  who  has  specialized  in  the  design  and  manufac- 
ture of  stokers.     Salary  $2,000.     Apply  through  Am.  Soc.  M.  E. 

MEN    AVAILABLE 

463  Position  as  manager  or  superintendent  with  some  reliable  company ; 
2.3  years'  experience  in  heavy,  medium,  liglit  and  interchangeable  work, 
practical  and  technical ;  age  43 ;  married ;  A  1  references ;  would  like  to 
locate  in  New  York,  though  location  is  immaterial. 

464  Position  as  chief  engineer,  2,5  years'  experience  with  mines,  smelt- 
ers and  mills  in  erecting  and  operating  all  classes  of  machinery.  Twelve 
years  abroad.     No  objection  to  location  in  any  foreign  country. 

46,")     ^lember.  20  years'  broad  ex])erience  in  industri.-il  lines,  capable  of 
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oi-gauiziug  both  shop  aud  selliug  forces  to  insure  economical  operation  and 
of  marketing  products  to  best  advantage,  desires  to  make  change. 

4(;(;  Motor-truck  engineer  open  for  position  as  trans]K)rtation  oxiiert  and 
efiiciency  man;  competent  to  investigate  and  re]K)rt  upon  delivery  system. 
Eight  years'  continuous  experience  In  this  industry  in  designing,  construct- 
ing, testing  motor  trucks,  and  writing  on  truck  subjects. 

467  Position  desired  with  mechanical  trade  paper  by  editor  and  writer 
of  several  years'  experience.  Suflicient  previous  practical  training  and 
technical  education.  Knowledge  of  cuts,  printing,  makeup  and  make- 
ready,  all  phases  of  piiblishiug  work.  Competent  to  bear  responsibility  and 
direct  others. 

468  Five-thousand-dollar  man  desirous  of  obtaining  a  position  as  chief 
engineer,  consulting  engineer  or  shop  manager.  Wide  experience  in  steam 
and  hydraulic  engineering.     Unsurpassed  references. 

469  Young  mechanical  engineer,  technical  graduate,  wishes  iwsitlon  as 
instructor  in  mechanical  engineering  in  some  middle  western  or  western 
university  or  college.    Well  qualified  to  fill  ix)sition.    At  present  employed. 

470  Member  who  has  specialized  in  power  transmission  efficiency  and  is 
especially  well  posted  in  the  various  meatis  of  mechanically  transmitting 
power,  desires  position  with  manufacturing  concern  as  mechanical  engineer 
or  as  assistant  to  the  superintendent  in  charge  of  engineering.  Would 
consider  connection  with  a  consulting  engineer.  Executive  aibility,  good 
systematizer.     Now  holding  good  position  but  wants  broader  opportunities. 

471  Member  with  extensive  experience  in  engine  manufacturing  plant, 
14  years  with  last  company ;  thorough  practical  knowledge  of  follow-up 
aud  c-ost  systems  and  modern  shop  practice,  seeks  connection  as  superin- 
tendent or  factory  manager.     Salary  not  less  than  $2700-$4(X)0. 

472  Technical  graduate,  24  years  of  age,  at  present  employed  as  assist- 
ant to  superintendent  in  large  water  gas  plant,  desires  to  make  a  change 
to  concern  having  an  opening  along  mechanical  or  sales  engineering  lines. 
Opportunity  and  scope  desired. 

473  Junior,  graduate  mechanical  engineer  with  five  years'  selling  ex- 
perience desires  position  with  company  manufacturing  steam  or  gas  power 
plant  equipment.     Location  New  York  or  vicinity. 

474  Mechanical  engineer,  age  34,  now  engaged,  valuation  work,  machin- 
ery shops  and  all  classes  of  buildings,  also  railroad  properties,  will  be  open 
for  assignment. 

475  Junior,  technical  graduate,  age  25,  three  years'  experience  in 
building  construction  and  hydraulic  dredging,  desires  position  preferably 
in  power  plant  design  or  construction  work. 

476  Works  manager,  comiwtent  to  organize  all  departments  of  manu- 
facturing plant  along  modern  lines,  long  experience  on  light  manufactur- 
ing, involving  interchangeable  parts. 
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477  Meiuhor.  now  oiiii)l().vt'tl.  desires  obnuge,  with  wide  experience  in 
interchangeable  manufacturing,  especially  engines,  machine  tools  and  auto- 
mobiles, can  refer  lo  present  and  former  employers;  technical  education, 
four  years  designing,  wide  experience  with  machinery  and  tools,  up-to-date 
on  shop  organization,  management,  production,  incentive  methods  of  wage 
payment,  and  cost  reduction.     Age  ?>7,  married,  $3000. 

478  Mechanical  and  electrical  engineer,  ten  years'  experience  in  the 
design,  construction,  operation  and  management  of  steam  and  water  power 
plants  for  industrial  and  public  service  companies,  desires  permanent  posi- 
tion with  consulting  or  contracting  engineers  in  or  near  New  Yorlv. 


ACCESSIONS  TO  THE  LIBRARY 

With  Com.mknts  by  the  Ltbkarian 

This  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of  acces- 
sions to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request 
from  Calvin  W.  Rice,  Secretary  Am.  Soc.  M.  E. 

American  Railway  Association.     Proc,  AI;iy  J;j,  1912.     New  YorA;,  1912. 

Gift  of  the  association. 
Brown's  Directory  of  American  Gas  Companies,  1912.     New  York,  1912. 
Building  and  Health  Laws  Affecting  the  City  of  New  York.     Eagle 

Library  no.  121.     Brooklyn,  1912. 
Chicago  Board  of  Supervising  Engineers  Chicago  Traction.     'M\  Annual 

Report.     Chicago,  1911.     Gift  of  Bion  J.  Arnold. 
Coal  Cutting  with  an  Electric  Puncher.     Notes  from  illustrated  lecture, 

J.   L.    Wagner.     Gift   of   Pneumelectric   Macliiue   Company,    Syracuse, 

N.  Y. 
College  Engineering  Notebook  for  Classes  in  Technical  Schools  and 

Colleges,  R.  E.  Moritz.     Boston,  Ginn  d-  Company,  1912. 

This  notebook  is  designed  for  the  use  of  students  in  civil,  mechanical  and  electrical 
engineering.  It  contains  90  sheets  of  high-grade  rectangular-coordinate  paper,  five 
Bhtets  of  polar-coordinate  paper,  and  five  sheets  of  logarithmic-coilrdinate  paper. 
The  reverse  side  of  each  sheet  is  ruled  horizontally  with  vertical  cross-lines  at 
Intervals  of  2Vi  cm. 

Additional  features  of  the  book  are  lists  of  the  most  important  mathematical 
formula?  from  algebra,  geometry,  trigonometry,  analytics,  and  calculus.  These  are 
followed  by  separate  pages  of  carefully  selected  formulae  from  mechanics,  surveying, 
strength  of  materials,  mechanism,  machine  design,  thermodynamics,  electricity  and 
magnetism.  The  back  part  of  the  book  contains  a  four-place  table  of  logarithms, 
and  short  tables  of  natural  logarithms,  trigonometric  functions,  exponential  func- 
tions, squares  and  square  roots,  cubes  and  cube  roots,  reciprocals,  and  hyperbolic 
functions.  Finally  it  contains  eight  sets  of  type  curves. 
Directory  of  Engineers  and  Power  Plants  of  Greater  New  York,  1910. 

New  York,  1910. 
Electrical  Injuries,  their  Causation,  Prevention  and  Treatment, 
Charles  A.  Lauffer.  New  York,  John  Wiley  <&  Sotis,  1912. 
The  author  is  medical  director  of  the  relief  department  In  the  Westlnghouse  Elec- 
tric Company  at  Pittsburgh.  The  volume  is  of  convenient  size  for  the  pocket.  In 
addition  to  the  matter  on  treatment  of  electrical  injuries,  which  is  concise,  the 
author  has  an  interesting  chapter  on  the  effect  of  occupations  on  health.  Altogether 
a  very  interesting  little  volume. 

Engineering  Society  of  Wisconsin.     Proc.     1-2.     1909-1910.     Gift  of  Engi- 
neering Society  of  Wisconsin. 
Financial  Significance  to  the  Gas  Industry  of  the  Modern  By-Product 
Oven,  Paul   Schlicht.     Read  before  the  Institution  of  Gas  Engineers, 
June  1907.     We.stminster.     Gift  of  the  author. 
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Gexekal  Coxtbactors  Association".     Bull.  vol.  1,  1910.    New  Yo)%  1910. 
Geschichte  des  Vereixes  deutscher  Ingexieure.    Xach  biuterlasseuen  Pa- 

pieren  von  Tli.  Peters.     Berlin,  1912.     Gift  of  the  Society. 
Good  Roads  Yearbook.  1012.     Washington,  1912. 
Handbuch  deb  Baustatik,  a.  F.  Zsclietzsclie.     Dusscldorf,  1912. 
History  of  New  York  Ship  Yards.  J.  H.  Morrison.     New  York,  1909, 
Jahrbucii  der  Luftfahbt,  1912.     vol.  2.     Munchen,  1912. 
The  Locomoth-e.    vol.  28.     Hartford,  1910-1911.     Gift  of  Professor  Huttoii. 
Mabine  Steam  Tubbines,  G.  Bauer  and  O.  Lasche.     Translated  from  the 

German  by  M.  G.  S.  Swallow.     New  York.  1911. 
Mechaxische  Triebwerke  uxd  Bremsen.  Dr.  St.  Loffler.    Munich,  R.  Olden- 

hourg.  1912. 

This  small  work  treats  of  power  transmission  from  the  mathematical  standpoint, 
developing  formulae  for  belts,  gearing,  rope  drive  and  brakes.  It  should  be  of 
interest  particularly  to  the  automobile  engineer. 

The   Mnemonic   Symbolizing  of   Stores   indeb   Scientific   Management, 

Howard  G.  Benedict.     1912.     Gift  of  the  author. 
Modebne  Automobil  sein   Bau  vnd  Betrieb   seine   Pflege  und  Repara- 

tuben,  M.  Peter.     Berlin,  1912. 
New  York  City  Board  of  Water  Supply.    Contract  101.    New  York,  1912. 
New   Tobk    State   Engineer   and    Surveyor.      Annual   Report   1910.    1911. 

vol.  1.     Alhanij,  1911-1912.     Gift  of  State  Engineer  and  Surveyor. 
Notes  on  Heating  and  Ventilation,  J.  R.  Allen,    ed.  3.     Chicago,  1911. 
Pbincipes  d'Obganisation  Scientifique  des  Usines,  F.  W.  Taylor.     Paris. 

Gift  of  the  author. 
Die  Sauggasanlagen  ihre  Entwicklung,  Bauart,  Warttng  und  Prufung. 

G.  Lieckfeld.     Munchen,  1909. 
Stohmanns  Handbuch  deb  Zuckerfabrik.\tion,  A.  Schauder.     ed.  5.    Ber- 
lin, 1912. 
Workmen's  Compensation  fob  Accidents,  F.  E.   Law.     New  York,  1912. 

Gift  of  Fidelity  and  Casualty  Company  of  New  York. 

UNITED  ENGINEERING  SOCIETY 

Eabthwork  Diagrams.  C.  A.  James,  ^yhite  Haven.  Pa.,  1912.  Gift  of  the 
author. 

How  to  Plan  a  Library  Building  for  Library  Work.  C.  C.  Soule.  Boston, 
1912. 

Nebrask.\  State  Railway  Commission.  4th  Annual  Report  to  the  Gov- 
ernor. 1911.     Omaha,  1911.     Gift  of  the  commission. 

Report  on  Revaluation  of  Railroads  and  Canals.  New  Jebsey',  1911. 
Trenton.  1912.     Gift  of  Chas.  Hansel. 

S\t:nskt  Pobtrattgallebi  Andba  Sebien.  I.  Svenska  Teknologfiireningen 
1911.     .Stockholm,  1911.     Gift  of  Svenska  Teknologforeningen. 

GIFT  OF  WM.  PAUL  GERHARD 
Lindley',  W  H.     Anlageu  zu  dem  generellen  Projekt  der  Kanalisation  der 

Stadt  Wiirzburg. 
Barmen-Elberfeld  Eutwasserung.     Denksehrift  liber  die  Kliirung  der 

Abwiisser.  vom  14  September  1901. 
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Erlautemngs-Bericht  zum  Projekt  einer  Klarungsanlage  fiir 

die  Abwasser  von  Barmen-Elberfeld  auf  dem  Gute  Buchenhofen.     lO^d 

—  Reise-Bericht  der  zum   srudium   der  KlUrung  der  Abwasser 

nach  England  entsandten  Conmiission  Elberfeld.  1902. 
— Entwasserung  der  Stadt  Homburg  v.  d.   Hube.  Frankfurt  a.  II..  1886. 
— Erlauterungs-Berieht  zu  dem  generellen  Projekt  der  Kanalisation  der 


Stadt  Wiirzburg,  April  25.  1901. 
Lodz.    Entwasserung.      Generelles    Projekt.      Erlauterungs    l)ericht 

nebst  5  und  8  anlagen.    October  1909. 
Wasserversorgung  der  Stadt  Lodz.    Erlauterungsbericht  zum  Projekt. 

October  1909.     Frankfurt  a.  J/.,  1911. 
Un  den  verehrlichen  Stadtrath  der  Grossherzoglich  Badischen  Hauptstadt. 

Frankfurt  a.  M..  1890. 

EXCHANGES 

Caxadiax  Society  of  Cittl  Exgi>-eebs.  Report  of  Annual  ^Meeting,  vol.  26. 
1912.     Montreal,  1912. 

Coi^BS  d'Electbotech:nt:que  de  l'Ecole  d" Application  du  Gexie  Maritime. 
Electrotechnique  speciale  aux  Bords.     Book  3.     1911-1912. 

CouKS  DE  METAixrBGiE  DXT  Geste  Makitime.    vol.  1-2.    1910-1912. 

U.  S.  Pate>-t  Office.  Ajn-xual  Report  of  the  Commissioxeb.  1911.  Wash- 
ington. 1912. 

TRADE   CATALOGUES 

Best  Mfg.  Co..  Pittsburgh,  Pa.    Catalogue  and  handbook  of  piping  material 

for  steam,  air,  hydraulic,  high  pressure  systems.  395  pp. 
Bristol  Co.,  Waterhury.  Conn.     Recording  instruments  for  pressure,  tem- 
perature, electricity,  speed,  time,  etc.,  64  pp. 
Chicago  Pxetmatic  Tool  Co.,   Chicago,  III.     The  anatomy  of  the  Little 

Giant  Commercial  Car,  24  pp. 
Greene.  Tweed  &  Co.,  yew  York.     Latest  improved  Rochester  automatic 

Lubric-ators,  48  pp. 
EL\RT  &  CooLEY  Co..  yeic  Britain.   Conn.     Wrought  steel   ventilators  and 

registers.  48  pp. 
Hess-Bright  Mfg.  Co..  Philadelphia.  Pa.     Ball  bearing  hangers,  32  pp. 
Ixgebsoll-Raxd   Co..   yeic    York.     •' Radialaxe "    air   driven   c-oal   cuttei-s.' 

20  pp. 
Man^hattan  Drilling  Co..  ^  eic  York.    Dobbins  core  drills,  20  pp. 
Xelsox  Valve  Co..  Philadelphia.  Pa.  Xelson  steel  valves  and  fittings.  62  pp. 
PxEUMELECTRic  MACHINE  Co..  Sijracuse.  y.  Y.     Electric  rock  drills,  7  pp. 
W.  B.  ScAiFE  &  Sons.  Pittsburgh.  Pa.     Range  boilers  and  high  pressure 

tanks,  35  pp. ;  Scaife  water  filters.  32  pp. 
Springfield  Boiler  &  Mfg.  Co..  Springfield.  III.     Boilers  and  boiler  supply 

material.  47  pp. 
Standard  Machinery  Co..  Providence.  R.  I.    Presses,  drop  hammers,  swa^:- 

ing  machinery.  31  pp. 
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ALEX.  C.  HUMPHREYS 


Term*  expire  1912 
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JAMES  HARTNESS 
H.  G.  REIST 


Vice-Presidents 
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Terms  expire  1913 

D.  F.  CRAWFORD 
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E.  B.  KATTE 


Terms  expire  1913 

WM.  F.  DURAND 

IRA  N.  H0LLI8 

THOS.  B.  STEARNS 
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CHAS.  J.  DAVIDSON 

HENRY  HESS 

GEORGE  A.  ORROK 


F.  R.  HUTTON 
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E.  D.  MEIER 
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STANDING  COMMITTEES 

{Continued) 
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W.  M.  McFARLAND  (1) 
C.  L.  CLARKE  (2) 
ALFRED  NOBLE  (3) 
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Research  Public  Relations 
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R.  D.  MERSHON  (1)  D.  C.  JACKSON  (1) 

W.  F.  M.  GOSS  (2)  J.  W.  LIEB,  JR.  (2) 
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F.  J.  MILLER  (3) 
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CHARLES  KIRCHHOFF 


Ldbrary  Conference  Com- 
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LEONARD  WALDO 


Engineering  Education 
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C.  W.  AIKEN 
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W.  T.  DONNELLY 

ROBT.  M.  DIXON 
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E.  B.  KATTE 
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Research  Committee 
Sub-Committee  on  Steam 
R.  H.  RICE,  Chmn. 
C.  J.  BACON 
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L.  S.  MARKS 
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SPECIAL  COMMITTEES 
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Refrigeration 
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SPECIAL  COMMITTEES 


Involute  Gears 

W.  LEWIS,  Chmn. 
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{Continued) 
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LOCAL  MEETINGS  OF  THE  SOCIETY 


Boston 


E.  F.  MILLER,  Chnm. 
R.  E.  CURTLS,  Secy. 
HENRY  BARTLETT 
II.  H.  RICE 
CiEO.  F.  SWAIN 

San  Francisco 

A.  M.  HUNT,  Chmn. 
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W.  F.  DURAND 
E.  C.  JONES 
T.  MORRIN 


New  York 

F.  H.  COLVIN,  Chmn. 

F.  A.  WALDRON,  Secy-Treas. 

H.  R.  CORLEIGH 

E.  VAN  WINKLE 

R.  V.  WRIGHT 

Philadelphia 

A.  C.  JACKSON,  Chmn. 
D.  R.  YARNALL,  Secy. 
J.  E.  GIBSON 
W.  C.  KERR 
T.  C.  McBRIDE 


St.  Louis 

E.  L.  OHLE,  (fhmn. 

F.  E.  BAUSCH,  Secy. 
M.  L.  HOLMAN 

J.  HUNTER 
R.  H.  TAIT 

New  Haven 

E.  S.  COOLEY.  Chmn. 

E.  H.  LOCKWOOD,  Secy. 

F.  L.  BIGELOW 

L.  P.  BRECKENRIDGE 
H.  B.  SARGENT 


Cincinnati 
A.   L.  DcLEEUW,  Chmn.  J.  B.  STANWOOD,  V-Chmn.  J.  T.  FAIG,  Secy. 

Sub-Committees  of  the  Committee  on  Meetings 
Te.Tt  ilcs  A  dministration 


CHARLES  T.  PLUNKETT,  Chmn. 

EDWARD  W.  THOMAS,  Secy. 

DANIEL  M.  BATES 

JOHN  ECCLES 

EDW.  W.  FRANCE 

EDWARD  F.  GREENE 

FRANKLIN  W.  HOBBS 

C.  R.  MAKEPEACE 

C.  H.  MANNING 

HENRY  F.  MANSFIELD 

Cement  Manufacture 


J.  M.  DODGE,  Chmn. 

L.  P.  ALFORD,  Secy. 

D.  M.  BATES 

H.  A.  EVANS 

W.  LEWIS 

W.  L.  LYALL 

W.  B.  TARDY 

H.  R.  TOWNE 

H.  H.  VAUGHAN 


F.  W.  KELLEY.  Chmn. 
J.  G.  BERGQUIST,  V-Cht 
P.  H.  WILSON 
W.  R.  DUNN 


F.  E.  RODGERS,  Chmn. 
L.  D.  BURLINGAME 
W.  L.  CLARK 
W.  H.  DIEFENDORF 

Iron  and  Steel 
JOS.  MORGAN,  Chmn. 
WM.  P.  BARBA 
FRANK  F.  BEALL 
A.  L.  COLBY 
M.  T.  LOTHROP 
W.  E.  SNYDER 
.MAUNSEL  WHITE 

Hoisting  and  Conveying 
H.  B.  SHERIDAN,   Chmn. 
C.  K.  BALDWIN 
ORTON  G.  DALE 
F.  E.  HULETT 
S.  MILLER 
A.  L.  ROBERTS 
H.  SAWYER 


MORRIS  KIND 
F.  H.  LEWIS 
W.  H.  MASON 
R.  K.  MEADE 

Machine  Shop  Practice 

A.  L.  DeLEEUW 
F.  L.  EBERHARDT 
F.  A.  ERRINGTON 
A.  A.  FULLER 

Air  Machinery 
F.  W.  O'NEIL,  Chmn. 
H.  V.  CONRAD 
WM.  PRELLWITZ 
R.  H.  RICE 


Industrial  Building 
CHAS.  DAY,   Chmn. 
WM.  DALTON 
JOHN  O.  DeWOLF 
F.  B.  GILBRETH 
CHAS.  T.  MAIN 
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H.  J.  SEAMAN 
H.  STRUCKMANN 
A.  C.  TAGGE 


H.  D.  GORDON 
H.  K.  HATHAWAY 
E.  J.  KEARNEY 
WM.  LODGE 
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E.  B.  KATTE,  Chmn. 
G.  M.  BASFORD 
T.  N.  ELY 
W.  F.  M.  GOSS 
W.  B.  POTTER 
N.  W.   STORER 
H.  H.  VAUGHAN 
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J.  R.  FREEMAN,  Chmn. 
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E.  V.  FRENCH 

F.  M.  GRISWOLD 
H.  F.  J.  PORTER 
T.  W.  RANSOM 

I.  H.  WOOLSON 
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Chairman 

H.  J.  K.  FREYN 


Gas  Power 
Executive  Committee 
F.  R.  HUTTON  (1),  Chmn. 
F.  R.  LOW  (3) 
I.  E.  MOULTROP  (5) 
MAX  ROTTER  (1) 
H.  F.  SMITH  (1) 
H.  H.  SUPLEE  (2) 
H.  E.  LONGWELL  (l) 


OFFICERS  OF  THE  GAS  POWER  SECTION 
Gas  Power 
Literature  Committee 
R.  B.  BLOEMEKE,  Chmn. 


Secretary 
GEO.  A.  ORROK 

Gas  Power 


A.  W.  H.  GRIEPE 

H.  S.  ISHAM 

J.  MAIBAUM 

W.  F.  MONAGHAN 

W.  S.  MORRISON 

S.  I.  OESTERREICHER 

S.  O.  SANDELL 

H.  G.  WOLFE 

N.  J.  YOUNG 


Membership  Committee 

A.  F.  STILLMAN.  Chmn. 

H.  V.  O.  GOES 

J.  H.  LAWRENCE 

F  S.  KING 

J.  H.  NORRIS 

G    M.  S.  TAIT 

J.  D.  SHAW 

H.  W.  ANDERSON 

C.  D.  SMITH 


Gas  Power  Committee  on  Meetings 

WM.  T.  MAGRUDER,  Chmn.    E.  D.  DREYFUS  NISBET  LATTA 

W.  H.  BLAUVELT  A.  H.  GOLDINGHAM  H.  B   MACFARLAND 

OFFICERS  OF  AFFILIATED  SOCIETY 
Providence  Association  of  Mechanical  Engineers 

T.  M.  PHETTEPLACE,  Pres.  W.  H.  PAINE,  Vice-Hres. 

J.  A.  BROOKS,  Secy.  A.  H.  WHATLEY.  Treas. 

OFFICERS  OF  STUDENT  BRANCHES 


INSTITtrTION 


Stevens  Inst,  of  Tech. 
Cornell  University 
Armour  Inst,  of  Tech. 
LelandStanfordJr.Univ 
Brooklyn  Poly.  Inst. 
Purdue  University 
University  of  Kansas 
New  York  University 
Univ.  of  Illinois 
Penna.  State  College 
Columbia  University 
Mass.  Inst,  of  Tech. 
Univ.  of  Cincinnati 
Univ.  of  Wisconsin 
Univ.  of  Missouri 
Univ.  of  Nebraska 
Univ.  of  Maine 
Univ.  of  Arkansas 
Yale  University 
Rensselaer  Poly.  Inst. 

State  Univ.  of  Ky. 
Ohio  State  University 
Washington  University 
Lehigh  University 
Univ.  of  California 


DATE 
AUTHORIZED 
BT  COUNCIL 


Dec.  4, 
Dec.  4, 
Mar.  9. 
Mar.  9. 
Mar.  9. 
Mar.  9, 
Mar.  9, 
Nov.  9, 
Nov.  9, 
Nov.  9, 
Nov.  9, 
Nov.  9, 
Nov.  9, 
Nov.  9, 
Dec.  7, 
Dec.  7. 
Feb.  8. 
Apr.l2, 
Oet.ll. 
Dec.  9. 


1908 
1908 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1909 
1910 
1910 
1910 
1910 


Jan.  10.  1911 
Jan.lO,  1911 
Mar.10,1911 
June  2,  1911 
Feb.l3,  1912 


HONORARY 

CHAIRMAN 


Alex. C.Humphreys 
R.  C.  Carpenter 
G.  F.  Gebhardt 
W.  F.  Durand 
W.  D.  Ennis 
G.  A.  Young 
P.  F.  Walker 
C.  E.  Houghton 
W.  F.  M.  Goss 
J.  P.  Jackson 
Chas.  E.  Lucke 

E.  F.  Miller 
J.  T.  Faig 

A.  G.  Christie 

H.  Wade  Hibbard 
J.  D.  Hofifman 
Arthur  C.  Jewett 

B.  N.  Wilson 

L.  P.  Breokenridge 
A.  M.  Greene,  Jr. 

F.  P.  Anderson 
E.  A.  Hitchcock 
E.  L.  Ohie 

H.  A.  S.  Howarth 
Joseph  N.  LeConte 


CHAIRMAN 

CORRESPONDINf* 
SECRETARY 

J.  H.  Vander  Veer 

J.  Strauss 

S.  D.  Mills 

D.  S.  Wegg,  Jr. 

E.  R.  Burley 

H.  R.  Kuehn 

C.  W.  Scholefield 

V    W.  Winter 

A.  Seubert 

G.  W.  Weitlauf 

A.  W.  Kimmel 

G.  F.  Lynde 

V.  H.  HiUord 

L.  L.  Browne 

Harry  Anderson 

Andrew  Hamilton 

L.  G.  Smith 

C.  A.  Schoessel 

J.  A.  Kinney 

H.  S.  Rogers 

E.  W.  Stone 

E.  A.  Jareckif 

J.  G.  Russell 

J.  B.  Farwell 

C.  W.  Lytle 

A.  O.  Hurxtluil 

W.  D.  Moyer 

H.  C.  Prochazka 

A.  C.  Edwards 

P.  A.  Tanner 

P.  S.  Tonpy 

M.  C.  Evans 

A.  H.  Blaisdell 

W.  B.  Emerson 

J.  A.  Dickinson 

W.  B.  Gardner 

C.  E.  Bjoth 

O.  D.  Covell 

W.  D.  Small 

0.    A.  Van  Den- 

burgh,  Jr. 

J.  W.  Gary 

J.  T.  Lowe 

J.  P.  Stewart 

H.  F.  Belt 

E.  Dougherty 

E.  L.  Lacey 

E.  E.  Finn 

Nevin  H.  Guth 

G.  M.  Simonson 

G.  H.  Hagar 
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TURRET  LATHES 


TURRET  SCREW  MACHINES 


BRASS-WORKING  MACHINE  TOOLS 


Turret    Screw    Machines 

(Jreat    proiluctivc  (•;ii)acity — -adaptability    and    mofhaiiical    rctiiieinont — the   result    of 
thirty  years'  cxiicriciu'c  devoted  to  the  hif^hest  standard  of  const  miction. 


No.  8 — iVi"  bar  capacity;  20"  swing 

Five  sizes — |  to  3|"  bar  capacit}';  10  to  20"  swing. 

Turret  Lathe  equipments  planned,  estimates  of  output  furnished,  or  representative 

will  visit  vou. 


Diesel  Type  of 

Crude-Oil  Engines 

Are  Now  Built  in  America 


Those  Wonderful  Crude-Oil  Engines 
(Diesel  Type)  Used  Extensively  in  Europe, 
Are  Now  Built  in  America 
in  their  most  Perfected  Form  for  station- 
ary service. 

This  type  of  engine  costs  about  one- 
fifth  as  much  to  operate  as  a  steam  plant. 

Built  in  2  and  3  cylinder  units  300 
and  450  B.  H.  P.  and  multiples  thereof. 

Descriptive  Bulletin  on  request. 


ATLAS  ENGINE  WORKS 
Indianapolis 


EXTRACTS  FROM  THE  BOOK  OF  THE 

COPIES  OF  THE  BOOK 


Multi-Stop  and  Double  Turners 

FIG.  1  illustrates  the  advantage  of  the  double  stop  for  each  position 
of  the  turret,  and  the  double  adjustment  of  each  turner.  This 
piece  has  six  finished  diameters  and  six  shoulders,  and  is  turned 
by  only  three  turners,  which  occupy  only  three  positions  on  the 
turret.  This  not  only  leaves  the  remaining  positions  free  for  other 
tools,  but  it  saves  the  operator  the  time  and  energy  required  to  run 
the  turret  slide  back  each  time. 

All  this  is  obtained  without  complication,  and  without  introduc- 
ing any  features  that  are  annoying  when  not  in  use. 

In  addition  to  the  double  stop  for  each  of  the  six  positions  of  the 
turret,  we  have  an  extra  stop,  consisting  of  a  pin  which  may  be 
dropped  into  any  one  of  the  six  holes  at  the  rear  of  the  turret  slide. 
This  makes  it  possible  to  borrow  five  extra  stops  for  any  one  of  the 
tools,  and  gives  to  this  tool  seven  length  or  shoulder  stops,  and  leaves 
one  stop  for  each  of  the  remaining  tools. 


Fig.  I 

The  illustrations.  Figs.  ,2  and  3,  give  examples  of  what  one  tool 
can  do  in  this  machine  on  chuck  work,  when  we  take  advantage  of 
the  seven  length  stops  and  the  seven  shoulder  stops  of  the  cross-feed 
head. 

Of  course,  in  general  practice  three  or  four  stops  for  one  tool  are 
all  that  will  be  needed,  but  since  the  modern  cutting  steels  have 
greater  durability,  there  is  nothing  lost  by  giving  each  tool  all  the 
work  it  can  do. 

Outer  face  and  all  shoulders  and  diameters  accurately  finished  to 
independent  stops  by  one  tool.  When  roughing  and  finishing  cuts 
are  required,  the  roughing  tool  can  be  set  near  enough  to  use  the 
same  stops  that  are  accurately  set  for  the  finishing  tool.  When  an 
extra  tool  is  used  to  give  a  roughing  cut  it  is  set  as  indicated  by 
dotted  lines  in  Figs.  2  and  3. 

We  find  it  difficult  to  illustrate  all  of  the  classes  of  work  that  can 
be  turned  out  by  this  machine,   but  a  little  thought  will  suggest 

Springfield  vt  joHcs  &  Lamsoii 

Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyemann,  Charlottenstrasse  112,  Diisseldorf,  Germany. 


HARTNESS  FLAT  TURRET  LATHE 

MAILED  ON  REQUEST 


Fig.  2 


many  forms  that  may  be  readily  handled  in  bar  and  chucking  work, 
both  steel  and  iron,  on  account  of  the  many  provisions  for  bringing 
both  turret  and  cross  slide  up  to  fixed  stops;  either  by  power  feed 
or  by   hand. 


< 


Fig.  3 


Machine  Company 

France  and  Spain,  Ph.  Bon  villain  and  E.  Ronceray,  9  and  11 
Rue  des  Envierges,  Paris.    Italy,  Adler  &  Eisenschitz,  Milan. 


Queen  Victoria  St. 
London,  England. 


MEAD -MORRISON 

MANUFACTURING  COMPANY 


THE  65th  Street  Station  of  the  Edison  Electric  Illu- 
minating Company,  Brooklyn,  N.  Y.  Coal  is  dis- 
charged from  boats  by  Mead  -  Morrison  Tower  into 
hopper  over  crusher  from  which  it  is  delivered  by  shuttle 
cable  cars  to  storage.  The  coal  is  reclaimed  from 
storage  by  a  McCaslin  Conveyor,  which  conveys,  ele- 
vates and  distributes  it  into  overhead  bunker  in  power 
house  adjoining.  Coal  pocket  was  built,  and  hoisting 
apparatus,  coal  crusher,  shuttle  cable  road  and  McCaslin 
Conveyor  were  all  furnished  and  installed  by  the  Mead- 
Morrison  Manufacturing  Company. 

Correspondence  Invited 

WORKS  AND  GENERAL  OFFICES 

Cambridge,    Mass. 

NEW  YORK,  149  Broadway;  CHICAGO,  Monadnock  Block;  BALTIMORE, 
821  Equitable  Bldg.;  PITTSBURG,  108  W.  Park  Wav,  N.  S.;  SAN  FRANCISCO, 
Metropolis  B'k  Bldg.;  NEW  ORLEANS,  110  N.  Peters  St.;  MONTREAL,  286 
St.  James  St.;  SEATTLE,  Bailey  Bldg.;  PORTLAND,  Lumbermen's  Bldg.;  LOS 
ANGELES,  1206  Union  Trust  Bldg. 


Shall  We  Tell  You  the  Story  of 
"LITTLE  DAVID" 


It  isn't  a  long  story — but  it's  too  long  to  tell  here.  And  it  is 
very  interesting  to  every  shop  manager  and  superin- 
tendent and  foreman  who  has  use  for  a  pneumatic  drill. 

The  "Little  David"  is  a  new  drill — new  in  every  respect — new 
in  design — new  in  the  standard  of  workmanship  and 
materials  it  represents — absolutely  new  in  the  way  it 
works  and  keeps  on  working. 

Here  are  three  things  for  you  to  consider,  while  you're  waiting 
for  the  complete  story  of  "Little  David." 

The  "Little  David"  will  do  more  work  per  unit  of  power 
than  any  other  drill  built. 

The  "Little  David"  has  only  two-thirds  as  many  parts  as 
any  other  drill  for  similar  duty. 

The  "Little  David"  requires  less  attention  and  costs  less 
for  repairs  than  any  other  drill. 

The  explanation — and  confirmation — will  be  found  in  Bulletin 
8007  which  we  are  waiting  to  send  you.  It  tells  the 
story  of  "Little  David." 

INGERSOLL-RAND  CO. 

NEW  YORK  LONDON 

Offices  in  All  Principal  Cities  of  the  World 
Compressors  Air  Tools  Air  Hoists  Sand    Rammers 


Increase  the  Production 

of  your  motor  driven  machines  by  secm'ing 
complete  control  of  their  operations. 

G-E  Industrial  Conlrol  Devices 


illustrated  on  this  page  will  enable  you  to 
start,  stop,  reverse,  or  vary  the  speed  of 
your  machines  with  the  accuracy  and  re- 
liability essential  to  highest  efficiency. 

These  devices  are  the  result  of  many 
years'  co-operation  between  engineers  who 
understand  motor  applications  and  engi- 
neers who  are  specialists  on  industrial 
control  devices. 

Every  device  is  made  from  the  highest 
grade  materials,  machined  and  assembled 
by  sldlled  workmen,  and  tested  to  meet 
your  requirements  before  shipment.  Bul- 
letins and  further  information  on  request. 

General  Eleclric  Company 

Principal  Office:     -     SCHENECTADY,  N.  Y 

:5r,si 


In  a  Pennsylvania  Steel  Mill 

Westinghouse 
Steam   Turbines 

produce  commercial  economy  through  a 
perfect  combination  of  design,  construc- 
tion and  operating"  characteristics. 

Their  design  is  simple — fewest  possible  parts — least 
to  get  broken,  worn  out,  or  be  replaced. 

Rigid  construction,  familiar  to  all  Westinghouse 
apparatus.     Built  for  continuous  service  of  a  lifetime. 

Absolute  reliability  under  all  conditions  of  s(^rvice 
lias  always  been  one  cf  their  most  noteworthy  features. 

Where  the  merits  of  turbines  alone  are  considered  for 
contemplated  installations,  Westinghouse  Turbines  are  in- 
variably selected.  This  should  be  your  guide  to  greatest 
economy.     Write  us  for  full  particulars. 

The  Westinghouse  Machine  Co. 

Steam  Turbines,  Steam  Engines,  Gas  Engines,  Gas  Producers 
Mechanical  Stokers  and  Condensers 


New  York,  165  Broadway  Pittsburgh,  Westinghouse  Building 

( 'hicago.  39  So.  La  Salle  St.  Philadelphia,  North  American  Bldg. 

Cincinnati,  110.3  Traction  Bldg.    Cleveland.  Swetland  Building. 
Denver,  Ga-s  and  Electric  Bldg.    San  Francisco,  Hunt,  Mirli  &  Co. 

Mexico  Compania  Ingcniera,  Importadora  y  Contratists.  S.  A 
(Successors  to  G.  &  O.  BraalH  &  Company),  City  of  Mexico. 


Boston,  1.31  State  Street 
St.  Louis,  Chemical  Bldg. 
Atlanta,  Candler  Bldg. 


CTHE  TRIPLEX  BLOCK> 


Tells  How  to 
Overcome  Weight 

The  new  book  of  Hoists  shows  how  to  swin^  everything 
on  Triplex  Blocks,  how  to  install  trolleys  and  light 
cranes  so  that  your  heavy  material  will  move  from 
process  to  process  in  aerial  flights  freely  and  lightly. 

The  hook  sliows  tliese  tliinprs  by  e.rro/fp/c^ shows  model 
plants  where  tlie  weight  of  material  is  not  allowed  to  cut  down 
the  output.  It  tells  by  efficiency  tables,  read  at  a  glance,  just 
what  device  is  best  for  any  given  purpose. 

The  Book  of  Hoists  should  be  on  the  desk  of  every  factory 
manager  for  constant  reference.     Send   for   your   copy  today: 

Triplex  (  16  Sizes:  One-quarter  of  a  ton  to  forty  tons. 
Blocks:  (  300  Active  Stocks  all  over  the  United  States. 
Every    Block  Tested    to    a    Fifty    Per    Cent    Overload. 

The  Yale  &  Towne  Mfg.  Company 

Also  Duplex  Blocks,  Ditferential  Blocks  and   Electric  Hoists 

rhe  Makers  of  Yale  Products        ^  i^         9      Murray      Street, 

Locks,  Padlocks,  Builders' Hardware,  CYALtJ  \T/:iitt  "\^<^..l'     TT    C       \ 

Door     Checks     and     Chain     Hoists.  IN  CW    lOlK,    U .  O.  .i^V.. 

Chicago,  74  East  Randolph  Street.  San  Francisco,  1:U  Rialto  Building 

Canadian  Yale  and  Towne  Limited,  St.  Catharines,  Ontario 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 


JOHN    A.    ROEBLING'S    SONS 

TRENTON,   N.  J. 


COMPANY 


New  York 

San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


Cleveland 
Seattle 
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Jeffrey 
Rubber  Belt 
\     Conveyers 


Adapted  for  handling 
ores,  stone,  sand,  gravel, 
rock,  etc. 

Designed  and  built  to 
meet  the  demands  of  the 
severest  working  condi- 
tions. 

Installation,  Operating 
and  Maintenance  Costs 
are  low. 


JEFFREY  TRIPPERS  for  discharging  material  along  the  conveyer  line,  are 
made  to  occupy  small  space,  operate  with  minimum  horse  power;  automatic  in 
operation;  compact  in  construction. 

Ask  us  for  copy  of  Catalog  67-D 

The  Jeffrey   Manufacturing   Company 


COLUMBUS,  OHIO 


New  York 

Boston 

Montreal 


Pittsburg 
Charleston,  W. 
Atlanta,  Ga. 


Va. 


Birminghai 
Chicago 
St.    Louis 


Denver 
Seattle 


GOODRICH   CONVEYOR  BELT 

Lowest  cost  per  ton 
of  material  handled 

Buying  a  belt  by  its  first  cost  is  like  looking  through  the 
wrong  end  of  a  telescope — the  cost  merely  looks  small. 

The  whole  matter  of  buying  conveyor  belting  should  sift 
down  to  this  one  bed-rock  point:  "How  much  will  it  cost 
me  per  ton  of  material  handled." 

You  cannot,  of  course,  know  from  personal  experience  that 
Goodrich  Conveyor  Belts  cost  least  per  ton  of  material 
handled— but  you  can  be  guided  by  the  records  of  this  belt 
in  the  hands  of  others  in  your  particular  line. 

That  is  what  we  are  prepared  to  send  you — the  records  of 
this  belt  in  the  service  of  others  in  your  line.  We  will  also 
send  you  a  sample  of  the  belt,  and  our  booklet  explaining 
its  construction — you  will  be  glad  that  you  sent 
for  all  three.  Write: 

The  B.  F.  Goodrich  Co.,  Akron  O. 

Largest  in  the  world  tbade  mAbk 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   >vith    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES— Four  Column  Type 


BUILT  FOR  ALL    GLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

ICANX7PACTUS£D  UNDER  DAVY  BEOS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK  BUILDING  PITTSBURG,   PA. 


Nash  Gas  Engines 


For  electric  lighting,  pumping,  storage  batteries,  and  all  power  requirements. 
Sizes  6  to  425  H.  P.  25  years'  leadership.  Operate  on  gas,  gasoline, 
producer  gas,  etc. 

NATIONAL  METER  COiMPANY 

'^'Sra''"'   84  CHAMBERS  STREET,  NEW  YORK  J»i>°o^K,ii,y 

Chicago        Boston       Pittsburgh      San  Francisco       Cincinnati        Los  Angeles 
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TKe    Improved 


Murphy  Automatic   Furnace 

For  over  30  years  the  leading  Automatic  Stoker — Over  1,500,000  H.P.  in  operation 


Founded 

187S 


U.NITED  ELKCTKIC  LIGHT  CO.,  SPRINGFIELD,  MASS. 

1st  order  Sept.,   1903—  900  H.P.  3rd  order  Mar.,   1907—2400  H.P. 

2nd    ••  ••       1904—1900  H.P.  4th      "       Jan.     1910—2400  H.P. 

MURPHY  IRON  WORKS,  Detroit.  Mich. 


Incorporated 
1904 


BALANCED  DRAFT  SYSTEM 

FURNACE  REGULATION 

A   Scientific   System  for   Ensuring  the  Greatest  Economy  in   the 

amm^tmmm^^^^mm^m^mmmma^wrggaammmi^g'm 

v^omousiiou  oi   r  uei  lu  i:>oiierB —     \ 

j^^^HcBS^^^ii^^Hfl 

Balances  your  Draft,  Automati- 

Ik^IH^^^H 

cally  Regulatd^  your  Air  Supply, 
for  All  Rates  of  Combustion.     It 

{ ^^^^  i«^^m^^^^^^^^^^^^_ 

individualizes   your   boiler  units, 

1^^^^      ^^H^^^^s 

making  each  unit  work  up  to  its  pro 

^^^H   '  "  '*'^^^imi 

rata  share  of  the  total  output  of  the 

^^^^B                  ""--^^^u 

plant — gives  a  regulation  of  the  air 
supply  with  respect  to  the  thick- 
ness of  fuel  bed  in  each  boiler. 

1  ^M 

"It  Makes  Firing  Easy." 

FOREIGN  LICENSEES: 

Hotchklss  &  Cle,  Paris,  France... 
Thwaltes  Bros.,  Ltd.,  Bradford,  England. 
The  Westlnghouse  Company,  Ltd.,  St.  Petersburg, 
Russia. 

kA    fd^^^lH 

Societe  A.  Heintz  &  Company,  Herstal-leg-Llege, 
Belgium. 

A 

^Hi^ii^J^^^^^^I 

THE  ENGINEER  COMPANY 

practical  demonstration  of  a  "Balanced"  Furnac 

e               Hudson  Terminal  Bldg. 

New  York,  N.  Y. 
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STEAMl 


GAS 


BUCKEYE  GAS  ENGINES 

Owing  to  the  governing  system  the  regulation  equals  that  of  any 
modern  steam  engine,  insuring  successful  parallel  operation. 
The  mixing  apparatus  is  a  combination  of  quantity  and  quality 
control,  the  double  ignition  system  is  simple  and  easily  adjusted, 
the  water  coohng  system  is  the  most  efficient  devised.  Built  in 
horse  powers  from  50  up,  for  Natural,  illuminating  or  producer  gas. 
Send  for  catalog. 

BUCKEYE  ENGINE  COMPANY 

SALEM,  OHIO 


GAS 


STEAM 


HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the  annealed 
steel  casting  decks  in  such  mannner  that  the  flow  of  water  is  not  deflected  in  all  directions,  as  is 
necessarily  the  case  when  the  bee-hive  or  cage  system  is  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known  and 
are  sold  on  their  operating  record. 

Send  for  Bulletin   "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 
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LINKENHEIMER  N0N=RET11RN 
SAFETY  BOILER  STOP  VALVES 

Should  tlu>  pressure  in  one  of  the  boilers  of  a  bat- 
tery suddenly  decrease,  caused  by  an  accident,  a 
Lunkenheinier  Non-return  Safety  Boiler  Stop  Valve 
attached  to  that  boiler  will  immediately  close  and 
prevent  steam  from  the  other  boilers  of  the  battery 
entering  and  discharging  through  the  disabled  one. 

Chattering  of  the  (lisc,  caused  by  the  fluctuation 
of  the  steam  pressure,  is  prevented  by  an  ingenious 
outside  spring  arrangement. 

All  parts  subjected  to  wear  are  renewable. 

These  valves  are  made  in  five  different  combina- 
tions  of  materials,  to  suit  the  requirements  of 
various  conditions  of  superheat  and  high  pressure, 
and  to  meet  the  specifications  of  engineers  who  may 
differ  as  to  what  is  best  suited  to  the  purpose. 
Your  local  dealer  can  furnish  them;  if  not,  write  us. 
Write  for  1912  catalogue. 

THE  LUNKENHEIMER  COMPANY 

Largest    Manufacturers    of    High    Grade    Engineering    Specialties    in    the    World 

General  Offices  and  Works:  CINCINNATI,  OHIO,  U.  S.  A. 


New  York, 

64-68  Fulton  St. 


Boston, 
13S  High  St 


Chicago, 
186  N.  Dearborn  St. 


London,  S.  E., 
35  Great  Dover  St. 
10 


We  have  found  that  rigid  inspection  pays 

both  the  manufacturer  and  user  of  Generating  Units.  The  RIDG- 
WAY  FOUR  VALVE  GENERATING  UNIT  is  the  result  of  that 
policy.  The  greatest  care  is  taken  in  the  selection  of  materials  for 
the  reciprocating  parts  of  the  engine  and  all  parts  subject  to  severe 
and  intermittent  strains,  as  well  as  in  cyUnder  and  valve  castings. 
The  same  care  is  followed  in  the  construction  of  the  electrical  appa- 
ratus. The  highest  grade  of  insulating  material  is  used.  A  case  in 
point  is  the  fact  that  a  burned-out  armature  in  a  Ridgway  Unit  is 
unknown.  Your  rigid  inspection  is  welcomed — both  as  to  workman- 
ship and  results  of  actual  use.     Send  for  Bulletins  and  investigate. 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PENNA. 


WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works.   1028  E.  Water  St..  ELMIRA,  N.  Y. 
Branch  Office  and  Warehouse.  45  Beekman  St..  NEW  YORK  CITY, 
Agencies,  666  Western  Union  Bldg,,  Chicago.  III. 

600  Bessemer  Bldg.,  Pittsburg,  Pa. 

262  Market  St.,  San  Francisco,  Cal. 


Massachusetts    Standard    Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,   Mass. 


A^     'f 


SCOTCH  BOILERS 

DRY  AND  WATER   BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
^^.mc^  OSWEGO,  N.  Y. 


^^RITE    for  a  copy  of  our 
booklet    entitled    'The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American    Ball  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,        BOUND  BROOK  N.  J. 


WATER  TUBE,  INTERNAL  FURNACE  AND    RETURN  TUBULAR 

BOILERS 


ALL  WROUGHT  STEEL  CONSTRUCTION 


E.KEELER    COMPANY 


EstabUshed  1864  WILLIAMSPORT,  PA. 

New  York       Boston       Philadelphia      Pittsburgh      Chicago       San  Francisco 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  35  Federal  St. 

PITTSBURGH.  Farmers  Deposit  Bank  BIdg 

SALT  LAKE  CITY,  313  Atlas  Block 

CLEVELAND,  New  England  BIdg 

LOS  AN'GRLF.S.  American  Banii  Bids. 


BRANCH   OFFICES 
PHILADELPHIA,  North  American  BIdg. 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO,   Marquette  BIdg. 
PORTLAND,  ORE.,  Wells-Fargo  BIdg. 
SE.^TTLF..  Mutual  Life  BIHe 


SAN  FRANCISCO,  99  First  Street 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  BIdg. 
HAVANA,  CUBA,  116 J  Calle  do  la  Hab«n» 
CINCINNATI,  Traction  BIdg 


BRISTOL'S 

RECORDING  INSTRUMENTS 

For  Pre.ssure,  Temperature,  Electricity,  Speed  and 
Time.  The  most  extensive  line  of  Recording  Instru- 
ments in  the  world.  Bristol's  Recording  Instruments 
are  unique  in  their  extreme  simplicity  of  construction. 
Write  for  catalogs  recently  issued  as  follows:  Bulletin 
No.  133  on  Recording  Wattmeters.  Bulletin  No.  134 
on  Recording  Milli-Voltmeters.  Bulletin  No.  144  on 
Recording  Gauges.  Bulletin  No.  148  on  round  Record- 
ing Gauges.  Catalog  No.  1000  on  Recording  Gauges, 
(64  pages). 

THE  BRISTOL  COMPANY,   Waterbury,  Cono. 


Jenkins   Bros.  Valves 

are  the  original  and  only  genuine  "Jenkins"  valves.  They 
are  the  easiest  to  keep  tight.  They  are  strong,  well 
designed,  carefully  constructed  and  nicely  finished.  Don't 
take  an  imitation  "Jenkins" — insist  on  having  the  kind 
which  bear  the  trade  mark  as  shown  in  the  cut. 

We  shall  be  glad  to  send  catalog  on  request. 

Jenkins    Bros. 


New  York 


Boston 


Philadelphia 


Chicago 
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THE  A.  &,  F.  BROWN  CO. 

ENGINEERS.     FOUNDERS,      MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSIO 

MACHINERY  ^ 

DESIGNED,    FURNISHED    AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Fi-lctlon  Clutch  Pulleys 
and  Couplings 

WORKSi    ELIZABETHPORT 
NEW  JERSEY 


Gears  of  all  kinds 
and  Blzes 

Sales   ROOMj   172   FULTON   ST., 
NEW  YORK  CITY 


THE 


HJREEDY 

CINCINNATI,  O. 

ELEVATORS 

EVERY  TYPE 


COMPANY 
INC. 


Power  Transmission  Appliances 

FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 

FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.     Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


We  will  pay  $0.25  a  copy  for  each  of  the  fol- 
lowing numbers  of  The  Journal: 

AUGUST1911;  OCTOBER  191i;  JANUARY1912;  MARCH  1912 

The  American  Society  of  Mechanical  Engineers 

29  W.  39th  St.,   New  York 
16 


ALLIANCE  CRANES  AllTypes 

Also  Rolling 
Mill  and 
H  y  d  ra  uli  c 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO.  alliance,  Ohio 

Pittsburg  Oflace,  Frlck  Building  Birmingham  OflSce,  Woodward  Building 


COMPLETE      FOUNDRY      EQUIPMENT 

For  Grey  Iron,  Brass,  Car  Wheel,  Pipe,  Steel  &  Malleable 
Casting  Plants.     Buildings  designed  and   furnished. 
Equipment  installed.     Initial    operation    con- 
ducted by  our  experts  at  moderate  charge. 
All  types  of  C  R  A  N  E  S     for  every  service 


Practical  designs 
Reliable  construction 


[JVi'lbrfLMHil 


FQUNDRYEQUIPMENTCQ 

HARVEY- ILL.  U.S.  A. 


Catalogs  and  full  in- 
formation on  request 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820  Elevator,  C.   R.   Pratt $0.50 

940  Elevator  Safeties,  C.  R.  Pratt 10 

981  Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161  A  High-Speed  Elevator,  C.  R.  Pratt 40 

1300  Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton -10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


CLYDE  Hoisting  Engines 

have  steel  gears  and  ratchets.   Shafting  is 
extra  heavy  with  long  bearings.    Connect- 
ing rods  have  solid  ends.     Boilers 
have  large  heating  surface. 

Large  stocks  on  hand— Ask  for  catalogue. 

^  CLYDE  IRON  WORKS,   duluth,  minn. 

CHICAGO,  ILL.  NEW  YORK  SAVANNAH 

318-19  Fisher  Bldg.        NEW  ORLEANS        HOUSTON 
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INDIVIDUAL  SANITARY  WASH  BOWLS 

Arranged  in  Single  or  Doviblf 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
Closing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

«ANUPACTURINQ     EQUIPMENT   &    ENGINEERING    COMPANY,     BOSTON,     MASS. 


o 


STANDARD  ROLLER 
THRUST     BEARINGS 

are  operating  successfully 
under  a  load  of  2,250,000 
pounds  at  100  R.  P,  M, 
Also  extensively  used  in 
hydro-electric    plants 

Send    for     literature 


Standard  Roller  Bearing  Co. 

Philadelphia,  Pa. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


OLDEST  ON 
THE  MARKET 


Trade 


\C  /iMar 


REGISTERED 


STILL  LEADS 
THE  FIELD 


If  you  want  taps  that  make  tapping  easy  and  always  do  accm-ate 
and  economical  work,  you  should  get 

CARPENTER'S  MACHINE  SCREW  TAPS 

They  are  of  A-1  Quality.    Guaranteed  for  accuracy  and  durability — by  maker  and  dealer. 

J.  M.  CARPENTER  TAP  AND   DIE  CO.,  Pawtucket,  R.  I. 
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Simplex  not  Duplex 
"To  be  simple 
is  to  be  ereat" 


Steam  and  Power  Pumping  Machinery 

For  every  service— — 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 


Compound  Packed  Plunger  Pump. 


Our  No.  18  Catalogue  goes  into  delaiU. 


American  Steam  Pump  Company, 


Battle  Creek,  Micb. 
U.  S.  A. 


The  Goulds  "Pyramid"  Piston  Pump 


For  all  services  requiring  from 
12  to  114  gallons  per  minute 
at    elevations    up    to    175    feet 

Ask  for  bulletin  No.  100 


TIM  IE    ( 

78  W.  Fall  St.,  SENECA  FALLS,  N.  Y 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  61-69  N.Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 

New  York  Office,  139-41  Cortlandt  Street 


««  .^.^' 


^ 

A  VENTURI  METER 

m           \Jr^,            wmL. ' 

■1 

IN  SERVICE 

I/q-^  w^\ 

measuring  HOT  WATER  in  the 
boiler   plant   of   a  prominent 
Philadelphia  concern. 

*W"           s'^L^ttte                   'i.  mBBkkSmmB^HWBkJ^I 

PERMANENTLY    ACCU- 
RATE  because    Meter   Tube 
contains  no  mechanism. 

m^Mm.  <[  v^^BiBBBbi 

Bulletin  No.  68  upon  request. 

£?^     ^^^ 

BUILDERS  IRON   FOUNDRY 
Providence,  R.  I. 

V.J 


The  maximum  of  power 
at  a  minimum  of  cost 

Marvelous  steam  economies  and  close  reg- 
ulation is  guaranteed  users  of  our  High  Speed 
Heavy  Duty  Corliss  Engines  and  "Franklin" 
(patent)  Horizontal  Gravity  Latch-Releas- 
ing Valve  Gear.  Rotative  speeds  150  to  200 
revolutions  per  minute. 

Our  Catalogue  tells  the  story.     Ask  for  it. 

HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 


Compressed  Air 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

No.  Price 

584    A  Note  on  Compressed  Air,  Frank  Richards 10.20 

804    A  Pneumatic  Despatch  Tube  Sj'stem,  B.  C.  Batcheller 30 

824     New    System    of    Valves    for    Steam    Engines,    Air    Engines    and 

Compressors,  F.  W.  Gordon 20 

894    Test  of  an  Hydraulic  Air  Compressor,  W.  O.  Webber 10 

1015    Air  Motors  and  Air  Hammers,  M.  H.  Wickhorst 10 

1017    Air  Improvement    in    Valve   Motion  of   Duplex    Air   Compressor, 

S.  H.  Bunnell 10 

1131     A  High  Duty  Air  Compressor,  O.  P.  Hood 30 

1243     Tests  on  Compressed   Air  Pumping  Systems  of  Oil  Wells,  E.    M. 

Ivens .20 

$1.50 

Set  Complete  fl.40  Members  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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MACHINE    SHOP    EQUIPMENT 


MACHINE    SHOP   EQUIPMENT 


THE  ALLEN  MFG.  CO.  Inc. 

HARTFORD,  CONN. 

Allen  Patent  Safety  Set  Screwis.  Made  from  high-test  steel  bars  and 
warranted  fully  as  strong  as  the  best  j)rojeeting  screw  made,  besides  elimi- 
nating danger  on  rotating  shafts.     Ask  your  dealer  for  them. 


Derby  Line,  Vt. 


BITTERFIELD  &  CO. 

New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 


Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  .sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks.  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carbonmdum  Grains  and  Powders,  and  Garnet  Paper. 


THE 

J.  M.  ( 

CARPENTER 

PA^YTUCKET, 

TAP 

R.  I. 

&  DIE 

CO 

Carpent 
Plates,  Dies 
market  and  . 

?r's   Tools 
and  Stock 
iS  years  in 

for   cutting   Screw 
5,  Tap  \\'renches,  e 
the  lead. 

Threads,    Taps, 
c,  have  been  38 

Dies, 

years 

Screw 
on  the 

THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  V.^RicK  St.  NEW  Y^ORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines.  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes, 'Cutter 
CJrinders,  Automatic  Chucks,  etc. 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 

Manufacturers   of   Grinding  Machines.      Internal  Grinders,    Cylinder 
Grinders,  Surface  Grinders,  Drill  Grinders. 


SAFETY 

SET  SCREWS 


TAPS 

AND 

DIES 


CARBO- 
RUNDUM 
PRODUCTS 


TAPS 

AND 

DIES 


GEAR 
SHAPERS 


MILLING 
MACHINES 


GRINDING 
MACHINES 
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MACHINE   SHOP   EQUIPMENT 


AIR 
COM- 
PRESSORS 

AIR  TOOLS 
AND   HOISTS 


TURRET 
LATHES 


HEAVY    DUTY 

BORING 

MILLS 


LATHES 

MILLING 
MACHINES 


MACHINE 
TOOLS 

ENGINEER- 
ING 
SPECIALTIES 


METAL  SHOP 
AND 

FACTORY 
EQUIPMENT 


PINIONS 

AND 

GEARS 


PAPERS 

ON 

MACHINE 

SHOP 

PRACTICE 


L\( 

KRSOLL 

RAND 

("OMl 

»ANY 

1  1    Hhoadw 

\Y 

N  K\\ 

YORK 

Air   Compressors,    1 
"Crown"  ami  '"Inipcria 
capacity  h  to  5  tons. 

wcii(y    slanihiri; 
"  Air  Jlaninirrs 

( vpcs,    cap 
.mil  Drills,  a 

icit\-    S    to 
1  sizes;  •■Ini 

SdllO    c-,1 
pcrial"   Z' 

n.  p. 

ir   Mof 

r   niinvitc; 
or  Hoists, 

JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Latlio;  made  in  two  size; 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Tiu-ning 
Machines,  42"  to  S4",  inclusive. 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  loathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  \ou  to  investigate  our  machines.     Catalogue  upon  request. 


IMANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 

Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  i)roduct  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  United  States. 


AL\NUFACTURINC;  EQUIPMENT  &  ENGINEERING  CO. 
BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


I^APERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Tran.smission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No. 
131,3.  Milling  Cutters  and  their  EfKciency:  A.  L.  DeLeeuw,  price  $0.30;  No.  1083. 
Belt  Creep:  W.  W.  Bird,  price  $0.10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackenbury,  and  Discussion,  price  $0.70. 
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MACHINE    SHOP    EQUIPMENT 


AVALTHAM  MAC  HINE  AVOlikS 

\\ALTHAM,  MASS. 

Our  Bcncti  I,;itlics  swiiiK  S",  «ill  take  J"  rod  lliroufrli  tlio  cluick  ••iiicl  llic  worki 
is  of  the  liigln'st  watch  niarhini'  .standard.  It  is  a  necessity  in  the  modern  tool  room 
log  for  those  interested.    Also  makers  of  Automatic  Precision  Bench  Machinery. 


Cata- 


TIIE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 
BRAN'CH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accu- 


ratel\', 
be  mail 


ipiilly  and  economically, 
d  on  request. 


Our  catalog,  which  describes  these  machines  fulh',  will 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Maehinerv. 


PRECISION 

BENCH 

LATHES 


TURRET 
LATHES 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  |  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New  York  2014  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


J.  W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cu- 
])olas,  Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
liuildings  designed.  Foundry  Sand,  etc. 


AYHITING  FOUNDRY"  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturers,  Engineers  and  Designers  of  complete  equipment  for  grey  iron,  brass, 
car  wheel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds  for  every 
service.     Buildings  designed  and  furnished;  equipment  installed  and  operated. 


SAND 
RAMMERS 

AIR  TOOLS 
AND  HOISTS 

COMPRESS- 
ORS 


FOUNDRY 
MOLDING 
MACHINE 
EQUIPMENT 


FOUNDRY 
EQUIPMENT 


FOUNDRY 

PLANT 

EQUIPMENT 
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BLOWERS,    FANS,   DRYERS,   ETC. 


BLOWERS,   FANS,   DRYERS,   ETC. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZ- 
ERS 

ENGINES 


P. 

H. 

&  F. 

M.  HOOTS 

CO. 

CONNERSVILLE,  IND. 

Positive 

Press 

lire  Bl 

owers 

for  foundries.    High  Pressure  Bl 

owers. 

Bl 

)wers  for  vacuum    | 

cleaning,  lor 

huHK 

Irics,  t 

or  bl; 

fksniiths. 

Positive  Rotary  Pumps.     I 

osi 

ive 

Pressure 

Gas 

Exii 

misters. 

Hi«l 

Pres!- 

lire  C 

as  Pumps 

F!cxil)le  C'oupliiitrs. 

RUGGLES-COLES 

ENGINEERING 

CO. 

McCoRMICK 

Bldg.,  CHICAGO 

Hudson 

Terminal, 

NEW  YORK 

Dryers. 

Direct  heat,  Iiulirect  heat,  and  St( 

>am  Dryers 

for  all  kinds  of 

materials. 

B.  F.  STURTEV  ANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to   force  or  exhaust  air  under  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


ROLLING    MILL    MACHINERY 


ENGINES 

ROLLING 

MILL 

MACHINERY 


STEAM 
HYDRAULIC 
FORGING 
PRESSES 


PAPERS 

ON 

ROLLING 

MILL 

MACHINERY 


MACKINTOSH  HEMPHILL 

& 

CO. 

PITTSBURGH, 

PA. 

ing 
Co] 

Engin 
Miir  ai 
)ing  jNI 

's,  single  and 
111  Hyilraulic 
ichines. 

compound,  Corliss 
Macliinery  of  all  1 

rever 

cinds. 

-ing 

Sh 

lUlt 

ears 

blowing. 
,  Punches, 

Roll- 
Saws, 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S6S.  Some  Landmarks  in  the  History  of  the  Rolling  Mill:  C.  H.  Morgan,  price 
$0.20;  No.  1319.  Pressure  Recording  Indicator  for  Punching  Machinery:  C.C.Anthony, 
price  $0.10;  No.  1322.  Power  Forging,  with  special  Reference  to  Steam  Hjdraulic  Forging 
Presses:  B.  Gerdau  and  G.  Mesta,  jjrice  $0.10. 
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PUMPS     AND     HYDRAULIC     TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  \\ISC'OXSIN 
Builders  of  R(>;icti()ii  and  Impulse  Turbines,  in  capacities  up  to  20,000 
II. P     Hifil-  Duty  Pumping  Engines,  Centrifugal  Pumps,  Sintile  and  Multi- 
Stage;  Screw  Pumps,  I'^levator  Pumps,  Cleared  Pumps,  Mine  Pumps  and 
I'^lectrically  Driven  Pumps.     Hydraulic  Transmission  Pumping  Machinery. 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturer.s  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


:\1.  T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  L54  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pimips  for  all  services.    Surface  and  Jet  Con- 
densers. 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  everv   kind.  • 


HOLYOKE  MACHINE  COISIPANY 

HOLYOKE,  mass.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevatf)rs. 


MORRIS  MACHINE  ^YORKS 

BALD  WINS  VILLE,  N.  Y. 

Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 
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PAPERS 

ON 

STEAM 

ENGINES 

AND   BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufarturers  of  Almy  Patent  Soctional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE  CO. 

42  Rakitan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
jTOimd,  SO  to  1^000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


THE  BABCOCK  &  WIL(  OX  COMPANY 

S5  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Sujserheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.   Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  .50  to  6000  h.  p. 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
IVed-Water  Heaters  from  25  to  600  h.p. 


PAPERS  PUBLISHED 

B\ 

A. 

S.  M 

E. 

No 

lOSl 

Counter  Weights  for  Large  Engines: 

D.  S. 

Jacobus,  price 

$0.20 

No. 

1329. 

Strain  Me: 

surements  of  Sonic  Steam  Boilers  under  Hyd 

rostat 

e  Pressure:  J. 

E.  Howard,   | 

price 

$0.30 

No.  1298.     Combustion  and  Boiler  Kffi 

'iency 

E.  A 

Uehling 

price 

$0.30 

,  No. 

1308. 

Oil  Fuel  for  Steam  Boilers:  B.  R.  T.  Collins, 

price 

50.20. 
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STEAM    ENGINES  AND   BOILERS 


IIAKIUSIU  UCi  FOrXDRY  &  I\1A(  IIINK  AVOUKS 

lIAHRISHrHd,   I'A. 

Manufactiiirrs  of  Flcniiii^-llarn'sliurii  Horizontal  iMi^^incs,  Corliss  and 
Sinji;l('  \'alv(>,  Siinplo,  Tandem  and  Cross  C()nii)oinul. 


HEWES  &  PHILLIPS  IRON  AVORKS 

NEWARK,  X.  J. 

Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Ciirder  Frame,  Simple  or  Compound,  having  our  new  Franklin  High- 
speed Liberating  \'alve  Gear. 


THE  HOOVEN,  OAYENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines.  Hamilton  High  Speed 
Corliss  Engines,  High  Duty  Pumping  Engines,  Power  Pumps  and  Com- 
pressors, Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 

Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heatjng. 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 

Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


PROYIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 

Rice  &  Sargent  Corliss  Engines,  Improved  Greene  Engines  and  Rejjair 
Parts,  Special  Machinery. 


RIDGWAY  DYNAMO  &  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


STEAM 
ENGINES 


STEAM 
ENGINES 


ENGINES 

PUMPS 

COMPRESS- 
ORS 
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BOILERS 


BOILERS 


COMPLETE 
POWER 
PLANT 
EQUIPMENT 


STEAM 
ENGINES 


ENGINES 

GENERA- 
TORS 
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BOILERS 


ENGINES 

REFRIGERA- 
TING 
MACHINERY 


TURBINES 

ENGINES 

GAS 
PRODUCERS 

CONDENS- 
ERS 

STOKERS 


and 

ROBB  EN(;iNEERIN(i  CO.,  LTD. 

Wavcrly  St.,  SOUTH  FRAMINGHAM,  MASS. 

St;itc  St.,   HOSTON'                                                                         90  West  St.,   NEW    YUU  K 

I{,ol)b-Hrady  Internally  Finn!  Boiler,  AN'atcr  Tube,  Return  Tubular, 
other  types  of  boiler.s;  Smoke  Stacks,  Tank.s,  etc. 

THE 

VILTER 

MFG. 

CO. 

10 

70-lOSS 

Clinton  St. 

Established 

1867 

MILWAUKEE, 

WIS. 

Co 

Builders 
inffted  S 

of  Corliss  Engine.' 
■rviee,  medium  or 

,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or 
high  speed.     lee  and  Refrigeration  Machines. 

Direct- 

THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


OIL   AND   GAS    ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


CRUDE-OIL 
ENGINES 


REFRIGERA- 
TING    AND 
ICE     MAKING 
MACHINERY 

OIL  AND  GAS 
ENGINES 


PAPERS 

ON 

OIL  AND 

GAS  ENGINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  .5000  B.H.P. 


ATLAS  ENGINE  WORKS 

INDIANAPOLIS,  IND. 
Manufacturers  of  Diesel  Type  of  Crude-Oil  Engines.     Built  in  2  and 
3  cylinder  units  300  and  450  B.  H.  P.  and  multiples  thereof. 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  GOO  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  1336.  Sympo.sium  on  Oil  Engines:  H.  R.  Setz  and  F.  M.  Towl,  Discussion,  price 
$0.50;  No.  1337.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  $0.10; 
No.  S41  X.  A  Regenerator  Cjcle  for  Gas  Engines  Using  Subadiabatic  Expansion:  A.  J. 
Frith,  price  $0.90;  No.  1238.     Marine  Producer  G.as  Power:  C.  L.  Straub,  price  $0.20. 
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GAS    ENGINES    AND    GAS    PRODUCERS 


AUCrST  MIETZ  IKON  FOrXOKYit  iMACHINE  WORKS 

112;}  MoTT  St.,  new  YORK 

Oil  Eufiinos,  Marino  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  (ienerators,  Air  Compressors,  Pump.s, 
lloi.-its,  etc.,  etc. 


NATIONAL  :\IETER  C():\1PANY 

NEW  YORK  CHICAGO  BOSTON 

Nasli  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  H .  P. 
houi  on  one  pound  of  coal;  are  I'eliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 
Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.    Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
iieating  plants.     Tar  Extractors  and  Gas  Cleaning  Plants. 


OIL 
ENGINES 


GAS 

ENGINES 
AND 
PRODUCERS 


GAS 
PRODUCERS 


POWER    PLANT  AUXILIARIES   AND    SPECIALTIES 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


AMERICAN   STEA:\I    GAUGE   AND   VALVE  MFG.  CO. 

BOSTON,  MASS.  E.stablished  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  \'alves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 
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RECORDING 
GAUGES 
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VALVES 


STEAM 
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BOILER 

SCALERS 
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DRAFT 

SYSTEM 

McLEAN  PAT- 
ENTS 


LUBRICATION 
PUMPS 
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PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


THE  lUilSTOJ.  C  OINirANY 

WATERBURY,  CONN. 

Bristol's  ReconlitiK  Pressure  and  Vaeuuin  GauEes.  Rristol's  Recording  Tlierniometers. 
The  Will.  H.  Bristol  KIcrtrie  Pyrometers.  Bristol's  Hecordiiif;  \'olt meters,  Aiiiiiieters 
and  Wattmeters.  Bristol's  UeeordinK  Water  J^evel  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  Patent  Steel  Belt   LaeiiiK. 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK        ST.   I-OUIS       PITT.SBt'RGH       CHICAGO       PHIL.\DELPHI.\        S.\N  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


CROSBY  STEAIVI  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments;  Chime  Whistler;  Sight  Feed  Lubricators; 
Globe  and  Angle  \'alves,  Iron  and  Brass,  for  high  pressures;  Blow-off  \'alves;  Gage  Testing 
Instruments;   Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


THOS.  H.  DALLETT  CO. 


York  and  23rd  Sts. 


PHILADELPHIA,  PA. 


Manufacturers  of  a  complete  line  of  Air  Compressors,  suitable  for  high-class  instal- 
lations. Equipped  with  special  "Silent"  inlet  and  discharge  valves.  Also  Pneumatic 
Boiler  Scalers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.     Send  for  literature. 


THE  ENGINEER  COMPANY^ 

50  Church  St.  NEW  YORK,  N.  Y. 

"Economy"  and  '"Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 

(Trade  Mark  "Balanced"  Reg.  U.  S.  Pat.  Office.) 


HILLS  McCANNA  COMPANY 

L53  W.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pinnps  nuide   in   any   number   of   Feeds   or 
Compartments. 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1288.  Improved  Absorption  Dynamometer:  C.  M.  Garland,  price  $0.10;  No.  1287. 
Experimental  Analysis  of  a  Friction  Clutch  Coupling:  W.  T.  Magruder,  price  $0.20;  No. 
S43X.  Automatic  Control  of  Condensing  Water:  B.  Viola,  price  $0.10;  No.  S  20  X. 
Air  Leakage  in  Steam  Condensers:  T.  C.  McBride,  price  $0.20. 
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riiK  in  (iiisox  s'i'ivVM  sn:(  ialty  (o. 

CIIK'ACO,  ILL. 

Mamifai'lurcrM  of  HcjiiilMt  iim  \:dvi's  for  nil  in-cssurcs  and  for  sicaiii,  air  and  water. 
The  best  and  only  ahsolulcly  noiwli'ss  Comhinal  ion  Back  TrcsHurc  and  Relief  Valve. 
Pump  Hesrulators,  Separators,  Stean'  'rrai)s,  Automatic  Stop  and  Check   N'aivei-.     Write 

fur   complele   (  ataliiirui'. 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  32  to  5  tons. 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '9(3  Packing;,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.    Catalog  mailed  on  request. 


ROBERT  A.  KEASBEY  CO. 

lUl)  X.  Moore  St.  .       NEW  YORK  CITY 

Telephone:    6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  KENNEDY  VALYE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

^Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hy- 
drant-^; Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


THE  LUDLOW  VALYE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of   genuine   Ludlow   Gate   Valves   for   all    purposes. 
Special  Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


THE  LUNKENHEIMER  COMPANY^ 

CINCINNATI,  OHIO 

Manufacturer.?  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  ela.s.ses  of  machinery. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  $0.10;  No.  1106. 
A  Low-Resistance  Thermo-Electric  Pyrometer  and  Compensator:  W.  H.  Bristol,  price 
-S0..30;  No.  1064.  The  Bursting  of  Four-foot  Fly-wheels:  C.  H.  Benjamin,  price  .SO. 10;  No. 
S  30  Xa.    Efficiency  Tests  of  Lubricating  Oils:  F.  H.  Sibley,  price  $0.10 
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VALVES 


MONAIU  11 

\\\AV 

:  cVc 

xAlANl  F 

AC 

Tl  RINC; 

CO. 

;>•)  Coirn-ANDT  St., 

NEW  YOKK 

SPRINGFIELD 

,  MASS. 

Muiiufiictuicrs  of  liroiizc  ; 

111(1  1 

■on  Jlodicd  \ 

alv 

•s  for  viirious 

pressures 

Mild  purposes. 

STEAM 
TRAPS 


AUTOMATIC 
FURNACE 


:\1()REHEAD  MANUFACTl  RING  CO. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Trap.'^.  The  Morehead  TiltinK 
Steam  Trap  is  the  original  design  of  lUtiiuj  trap,  having  been  on  the  marlvet  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 

Founded  1878  Inc.  1904 

Buikler.s  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 


VALVES 


NELSON  ^  ALVE  COMPANY 

PHILADELPHIA 

Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  tiny  temperature;  also 
Blow-off  Valves.     Catalogs  and  information  on  request . 


GOVERNORS 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors   for   Steam   Engines,   Turbines,    Gas   Engines.     Mechanical 
Control  Power  Regulation. 

Sec  PfUjc  111  of  Cnnilcni^cd  Cdlnlnfiues  of  Mcchfinical  Equipment. 


SEPARA- 
TORS 

FEED-WATER 
HEATERS 

SOFTENERS 


POWER  PLANT  SPECIALTY  COMPANY 

()25  MoNADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.     Correspondence  solicited. 


SUPER- 
HEATERS 


POWER 

SPECIALTY 

CO. 

111 

Broadway 

NEW^ 

YORK 

The  Foster 

Patent 

Super 

iieater, 

saves  feed  water, 

condensing 

water. 

coal 

and  boiler 

Dower. 

PAPERS 
ON 

POWER 
PLANTS 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  Extra  Heavy 
Flanged  Fittings:  Com-report,  price  $0.10;  No.  1297.  Transmission  of  Heat  in  Surface 
Condrnsation:  G.  A.  Orrok,  price  $0.50;  No.  1259.  Cooling  Towers  for  Steam  and  Gas 
Power  Plants:  J.  R.  Bibbins,  price  SO  40;  No.  1072.  Condensers  for  Steam  Turbines:  G.  I. 
Roekwood,  price  $0.20. 
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\\M.  B.  SCAIFE 

v^ 

SONS  (OMrAXV 

221  FiusT  Ave., 

I'lTTSlU'Ud,  PA. 

WE-FU-GO  and  SCAIKJO  W 

ale 

•  Softening,  rurifyiiig  and  Filteriiijj, 

Systoins  for  boiler  feed  water  and 

all 

industrial  and  doniestie  purposes. 

SCHUTTE  &  KOERTING  CO. 

1229-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injector.s,  Syphons,  Eductors,  Furiiacr  Hlowcis,  Exhau-sters,  Pump  Priiiicr.s,  Con- 
d('ii.<or,s,  Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  Check,  EmcrKoncy  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,   Feed   Water   Heaters,  etc. 


WATER 
SOFTENING 

PURIFYING 
AND 

FILTERING 
SYSTEMS 

INJECTORS 

CONDENS- 
ERS 

VALVES 

ENGINE 
STOPS 


SHER^YOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years'  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  high  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil  Pump 
for  Steam  Engines;  Buffalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gasoline  Engines; 
Oil  Cups,  etc.      Catalog  on  application. 


INJECTORS 

AND 

OIL  PUMPS 


C.  J.  TAGLIABUE  MFG.  CO. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,   Recording  and  Controlling  Tempera- 
ttire  and   Pressure.      Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
Sit  uiir  Condensed  Catalogue  in  April  1011    inunlnr  of  The  Journal. 


INSTRU- 
MENTS 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 
Foundries  and  all  general  purposes.  All  classes  of  Petroleum  Products  of 
the  highest    quality. 


LUBRICAT- 

ING 

OILS 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:   CARTERET,  N.  J. 

Surface,  .let  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Drj- 
\'acuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENS- 
ERS 

PUMPS 

COOLING 
TOWERS 


C.  H.  WHEELER  IVIFG.  CO. 

PHILADELPHIA,  PA. 


NEW    YORK 


SAN    FR.\NCI.SCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pinni)s, 
Feed-Water  IIeater.>,\\'ater  Cooling  Towers,  Boiler  P'eed  and  Presstu-e  Ptunps, 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1214.  Unnecessary  Losses  in  Firing  Fuel  Coal:  C.R.Weymouth,  price  $0.30;  No 
1213.  Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price 
SO. 20  No.  1165.  The  Rational  Utilization  of  Low  Grade  Fuels  in  Gas  Producers:  F.E. 
Junge,  price  $0.40;  No.  124.3.     Some  Properties  of  Steam:  R.  C.  H.  Heck,  price  $0.10. 
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CONDENS- 
ERS 

COOLING 
TOWERS 
FEED-WATER 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 


HOISTING    AND   CONVEYING    MACHINERY 


HOISTING  AND    CONVEYING    MACHINERY 


CRANES 

STEAM 
HAMMERS 

PUNCHES 

AND 

SHEARS 


HOISTING 
MACHINERY 


CONVEYORS 

ELEVATORS 

POWER 
TRANS- 
MISSION 


HOISTING 
ENGINES 
AND 
DERRICKS 


ELEVATORS 

FRICTION 
CLUTCHES 

PULLEYS 


CONVEYOR 
BELTS 


ELEVATING 

CONVEYING 

MINING 
MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 

Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  Fcrroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sjirocket  wheels  and  chain,  buckets,  belt  ing,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 

Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife" 
"Maxecon"   and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


Bui 

lin-  S\> 
Co;il  \V 
ments. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Iders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
tcuis  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
isheries.    Locomotives,   Coal   Cutters,   Drills,   etc.      Complete   Coal    Mine   Equip- 
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HOISTING  AND  CONVEYING   MACHINERY 


LIDGEIUVOOD   MFC..   CO. 

^Ki  l>ini:uTv  St.  NEW  YORK 

lloi.-liiij;  Kiis^iiios — steam  and  electric,  for  ev<r.\-  use  of  the  contraclor,  miner,  wan- 
houseman,  railroads,  shipowuers,  etc.  Derricks,  Derrick  Irons  and  Dirrick  Moists,  ("able- 
ways  for  hoisting  and  conve.\  in;;.  Marine  Transfer  for  coal  and  carj^o  handling. 


LINK-BELT  COMPANY 

PHILADP]LPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  jjiirpose;  all  aceessories;  Power 
Transinissiou  Maehinerv. 


MEAD-MORRISON  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

Coal-HandlinK  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators,  McCaslin  and  Harrison  Conveyors,  Steam, 
i;iectric.  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
l.occjinotive  Derricks,  Suspension  Cablewajs. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO     . 

Are  the  largest  builders  of  Eleetric  Traveling  Cranes  in  the  world.  We 
also  d(>sign  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


THE 

II. 

J.  REEDY 

CO. 

CINCINNATI,  0. 

Manufacturers 

of  all 

j-pes 

of  Passenger  and  Freight 

Elevators. 

ROBINS  CONVEYING  BELT  COMPANY 

'I'homa.s Robins,  Pres.  C.  Kemble  Baldwin, Chief  Engr.,13ParkRow,N.Y. 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
lonveying  machiner.v.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
-iniilar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


JOHN  A. 

ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 

Manufacturers 

of  Iron,   Steel  and  Copper  ^^'ire  Rope,   and   Wire  of 

every  description. 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  1235.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C.  K.  Baldwin,  price 
SO. 10;  No.  1234.  A  Unicjue  Belt  Conveyor:  E.  C.  Soper,  price  SO. 10;  No.  1300.  Operating 
Condition  of  Pas.senger  Elevators:  R.  P.  Bolton,  price  SO. 20;  No.  IICl.  A  Highspeed 
Elevator,  C.  R.  Pratt,  price  $0.40;  No.  S52X.  Mechanical  Handling  of  Freight:  S.  B. 
Fowler,  price  S0.20. 
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HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFERS 


ELEVATORS 

AND 

CONVEYORS 


ELEVATING 
AND 

CONVEYING 
MACHINERY 


CRANES 


ELEVATORS 


ROBINS 

BELT 

CONVEYORS 


WIRE  ROPE 


PAPERS 

ON 

HOISTING 

AND 

CONVEYING 

MACHINERY 


HOISTING  AND  CONVEYING    MACHINERY 


CRANES 

MONO-RAIL 
SYSTEMS 

CON- 
TROLLERS 


CRANES 
HOISTS 


ELEVATING 

CONVEYING 

POWER 
TRANS- 
MITTING 
MACHINERY 


CHAIN 
BLOCKS 

ELECTRIC 
HOISTS 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.    Wharf  Cranes.    Rail- 
road Wrecking  Cranes.     Mono-Rail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and   Hoists;  Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  liuildings. 


THE  WEBSTER  MEG  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  IMachinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  .\sh  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Gearing.  


THE  YALE  &  TOWNE  MFG.  CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triple.x  Block  and  Electric  Hoists.  The  Triple.x  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  j  to  20  tons;  Electric 
Hoist  in  10  sizes,  j  to  IG  tons. 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 
COM- 
PRESSORS 

PNEUMATIC 
TOOLS 


AIR 
COM- 
PRESSORS 

TOOLS 

HOISTS  AND 

SAND 

RAMMERS 

PAPERS  ON 
AIR 
COM- 
PRESSORS 
AND 

PNEUMATIC 
TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 

Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  AW  Motor  Hoists,  i  to  .5  tons 
capacity;  "Crown"  Sand  Rainmer.s,  floor  and  bench  types. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1320.  Commercial  Application  of  the  Turbine  Turbo-Compressors:  R.  H.  Rice, 
price,  S0.30;  No.  830.  Compression  and  Liquidification  of  Gas:  A.  L.  Rice,  price  $0.10; 
.N'o. 804.  A  Pneumatic  Despatch-tube  System  for  Rapid  Transportation  of  Mails  in  Cities: 
B.  C.  Batcheller,  price  $0.30;  No.  1295.  "The  Development  of  the  Ah  Brake:  (Presidential 
Address;  G.  Westinghouse,  price  $0.20. 
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ELECTRICAL  APPARATUS 


ELECTRICAL   APPARATUS 


ALLIS-CHALMERS  COMPANY 

M I LW AUK]';E,  WISCONSIN 

Builders  of  Electrical  Machinery  of  every  description;  Motors  and 
(i(Mierators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, S\vitchl)oards. 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lisrlitinK  equipments,  air  compressors,  elcetri<'all.v  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


WAGNER  ELECTRIC  MFG.  COMPANY 

ST.  LOUIS,  MO. 

Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  an 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphas 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  lin 
of  switchboard  and  portable  instruments  offered  to-day. 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

PITTSBURG,  PA. 
Westingliouse   Electric   Motor   Drive.      Pumps,    compressors,   hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  ch-iven  with  Westinghouse  Motors. 


MOTORS 
AND 

GENERA- 
TORS 


ELECTRIC 
DRIVE 


DYNAMOS 

MOTORS 

TRANS- 
FORMERS 

INSTRU- 
MENTS 


ELECTRIC 

MOTOR 

DRIVE 


POWER  TRANSMISSION 


THE  AMERICAN  PULLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light,  true 
ami  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.Y.  CHICAGO,  ILL. 

Th(>  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pidlcys 
range  from  6  to  12ti"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  S'".     Let  us  send  you  our  booklet  illustrating  all  styles. 


PULLEYS 
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POWER    TRANSMISSION 


SHAFTING 

PULLEYS 

HANGERS 


FRICTION 
CLUTCHES 


POWER 
TRANS- 
MISSION 

ELEVATORS 

CONVEYORS 


POWER 
TRANS- 
MISSION 
APPLIANCES 


STEEL 

BELT 

LACING 


POWER 
TRANS- 
MISSION 


PULLEYS 

PAPER 
FRICTION 
TRANS- 
MISSION 


POWER 
TRANS- 
MISSION 


THE 

A. 

& 

F. 

BROWN 

CO. 

172  Fulton  St 

NEW 

YORK 

Manufuct 

Lirers  of  SI 

laff 

iiK, 

Pulleys,  Hangers, 

etc., 

f(,i 

Trail 

^mission 

of  Power. 

THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 
Send  for  our  Catalog,  and  Clutch  Booklet  entitled  "  Clutches  for  Use 
in  Machine  Building."    The  information  set  forth  therein  will  be  of  interest 
to  any  Builder  or  Designer  of  Machinery. 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Manufacturers   of   everything   for   the    Mechanical   Transmission   of 
Power;   also   Elevating   and    Conveying    Machinery,    and    the    "Eureka" 
^^'ater  Softener.     Send  for  general  catalog  C-IO. 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  \Mieels. 


FLEXIBLE  STEEL  LACING  CO. 

542  W.  Jackson  Boulevard  CHICAGO,  ILL. 

Alligator  Steel  Belt  Lacing.  Adapted  for  use  on  leather,  rubber,  balata, 
cotton  or  canvas-stitched  belting  of  any  width  or  thickness.  A  perfect  flex- 
ible joint  and  separable  hinge  joint  that  works  satisfactorily  with  an  idler. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  ])roven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  tlesirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern   and   Approved   Ajipliances  for  the   transmission   of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
C'lutches,  Rope  Driving  Ecjuipments. 


3S 


ENGINEERING    MISCELLANY 


ENGINEERING  MISCELLANY 


ALFMINUM  COMPAXY  OF  AISIERICA 

pri'isiuiuin,  PA. 

Aluminum  Ingot,  Sheet,  Rod,  Whv,  Cable,  Tubing  and  other  forms 


AUBURN  BALL  BEARING  COMPANY 

22  P:lizabeth  St.  ROCHESTER,  N.  Y. 

Auburn   Four  Roint  Contact  Cone  Principle  Ball  Thrvist   Bearings, 
Auburn  Steel,  Bra.s.s  and  Bronze  Balls,  Salid  and  Hollow. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual«Size,  ^^'eight  and  Strength.     Large  and  Accurat* 
Machine  ^\'ork.     Grinding  and  Polishing  Machines. 


ROBERTS    FILTER   MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  \Vater  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


STANDARD  ROLLER  BEARING  COMPANY 

r)Oth  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  nil 
l^urposes.    Steel,  Bronze  and  Brass  Balls. 


UNION  DRAWN  STEEL 

CO. 

BEAVER  FALLS,  PA. 

Makers 

of  Bright  Cold  Finished  Bessemer,  Open 

Hearth  CruciI)I('  and 

Alloy  Steels 

in  Rounds,  Flats,  Squares,  Hexagons  an 

d  Spec 

lal  Shajx's. 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276.  Sjnipo.'uuTn  on  Electric  Drivinc  in  Macliino  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
bins.  J.  Ridck'U  and  discussion,  price  SI. 10;  No.  133.5.  Variable-speed  Power Transmi.ssion: 
G.  H.  Barrus  and  C.  M.  Monlv,  priw  $0.10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving; 
S.  Haar,  price  80.20;  No.  1230.  Triuisuiission  of  Power  by  Leather  Belting:  C.  G.  Barth, 
price  80  ..50. 


ALUMINUM 


BALL 
BEARINGS 


CASTINGS 

MACHINE 
WORK 

GRINDING 
MACHINES 


WATER 
FILTERS 


BALL 
AND 
ROLLER 
BEARINGS 


BRIGHT 
COLD 
FINISHED 
STEEL  BARS 


PAPERS 
ON 

POWER 
TRANS- 
MISSION 
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ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL   OF    APPLIED   SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean, 

UNIVERSITY  HEIGHTS.  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  op  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  stvidents  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.   G.   C.   Anthony,   Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering, 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrica 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.  Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 

ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests    of    Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW   YORK   CITY. 

FORD,  BACON  &  DAVIS 

BERT  L.  BALDWIN 

Engineers 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing   Buildings,   Plants  and   Equip- 
ments of  same. 

1 15  Broadway 
NEW  YORK 

New  Orleans                                     San  Francisco 

Perin  Building,  CINCINNATI,  OHIO 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 

201   Devonshire  Street,          BOSTON.   MASS. 

F.  W.  Dean      H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

J.  WM.  PETERSON 

F.  W.  DEAN,  INC. 

Lubrication  Engineer 

Mill  Engineers  and  Architects, 
Exchange  Building,  53  State  St.. 

Specialty:  Plans,   Specifications  and   Superin- 
tendence of  Power  Plant  Oiling  Systems 
and  General   Machinery  Lubrication 

BOSTON,   MASS. 

50  Church  Street            NEW  YORK  CITY 
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